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(57)Abstract: 

PURPOSE: To provide a digital micromirror device having 
high reliability and a long life. 

CONSTITUTION: The digital micromirror device is 
constituted by arranging plural sets of micromirror elements - ^ 

constituted of (a) a micromirror part consisting of elements sie 
43, 42, (b) a position control means consisting of elements 
30, 32, 35 for controlling the position of the micromirror part 



transistor elements 15, 16 for controlling the position control 
means. Then, the micromirror part is attached to the position 
control means freely movably. 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (b) the one micro mirror section and (b) — this — with one position control means for 
controlling the location of the micro mirror section established corresponding to the one micro mirror 
section (Ha) one transistor component for controlling this position control means — since — the 
digital micro mirror device characterized by arranging two or more constituted micro mirror 
components, and changing, and attaching this micro mirror section free [ migration ] to a position 
control means. 

[Claim 2] It is the digital micro mirror device according to claim 1 which the micro mirror section is 
equipped with the permanent magnet, and a position control means consists of an electromagnet, and 
is characterized by controlling the location of the micro mirror section by electromagnetic force 
which connects with the transistor component electrically and a position control means generates by 
control of a transistor component. 

[Claim 3] It is the digital micro mirror device according to claim 2 which the united stanchion is 
prepared in the lower part of the micro mirror section, and this stanchion consists of a permanent 
magnet, and is characterized by arranging this stanchion near the position control means. 
[Claim 4] It is the digital micro mirror device according to claim 2 which the united stanchion is 
prepared in the lower part of the micro mirror section, and the permanent magnet layer is prepared in 
the pars basilaris ossis occipitalis at least, and is characterized by the thing of this stanchion for 
which this stanchion is arranged near the position control means. 

[Claim 5] It is the digital micro mirror device according to claim 2 which the united stanchion is 
prepared in the lower part of the micro mirror section, and the base of this micro mirror section and 
the external surface of a stanchion are equipped with the permanent magnet layer, and is 
characterized by arranging this stanchion near the position control means. 

[Claim 6] (b) The transistor component formed in the semi-conductor substrate, and the position 
control means which was established on the insulating layer formed on the (b) this transistor 
component, and was electrically connected to the transistor component, Consist of a micro mirror 
body and a stanchion and a micro mirror body is arranged on the guide layer formed on the position 
control means. (Ha) the micro mirror section by which the stanchion is contained free [ migration ] by 
the hole prepared in the guide layer, and the location of a stanchion is controlled by actuation of a 
position control means — since — the digital micro mirror device characterized by arranging two or 
more constituted micro mirror components, and changing. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the digital micro mirror device used with image 

projection equipment 

[0002] 

[Description of the Prior Art] In recent years, big screen-ization of television advances with quality 
improvement of television broadcasting etc., and the television set carrying the big screen Braun tube 
29 inches or more is becoming in use. However, while a television set big-screen-izes, the weight 
increases, for example, AUW is set to 60kg or more in the television set which is 29 inches, and 
migration is difficult Although the general broadcast of HDVS is also becoming close, enlargement 
progresses further and the receiving set using the Braun tube for HDVS has the amount of Oshige of 
90kg or more. If it already becomes such weight, it will become very difficult to move the receiving 
set installed once later. 

[0003] On the other hand, the display of a projection method using a liquid crystal device is devised 
in recent years. In this indicating equipment, in light, it is making a liquid crystal device penetrate, and 
the image formed on the liquid crystal device is projected on an image screen. In such an indicating 
equipment, the heavy Braun tube becomes unnecessary, an indicating equipment only consists of the 
light sources and the liquid crystal devices for lighting, and an indicating equipment becomes very 
light It is necessary to make light penetrate the inside of a liquid crystal device in this kind of 
indicating equipment it is alike and has the problem that the light transmittance of a liquid crystal 
device is as low as several %, and the appropriate image projected on the screen is dark. 
[0004] In recent years, projection equipment using the digital micro mirror device (Digital Mirror 
Device) as new projection equipment is proposed from Texas Instruments, Inc. 1 993 For example, 
J.P.Sampsell, "An Overview of the Didital Micromirror Device (DMD) and Its Application to Projection 
Display", and Society for Imformation Display International Symposium (SID'93) Digest of 
TechnicalPapers, pp 1012-1015 and May 1993 Refer to. This projection equipment has the structure 
where the mirror (micro mirror) was aligned on [ each ] many SRAM. And incidence of the light from 
the light source of RGB is carried out to these mirrors. And each mirror is moved based on the signal 
from SRAM (making it rotate), and the direction of the light injected from a mirror is changed. The 
light reflected in the suitable direction in the mirror by arranging the screen can be made to project 
on a screen. That is, an image can be projected on a screen by inputting an image control signal into 
SRAM. This condition is typically shown in (A) of drawing 12 
[0005] 

[Problem(s) to be Solved by the Invention] The flat-surface configuration of each mirror in a digital 
micro mirror device is a rectangle. And the mirror is being fixed on the silicon substrate among the 
four corners of a mirror in two corners on one diagonal line (it is called a fixed portion for 
convenience). Two corners on the diagonal line of everything but a mirror are put on the free 
condition. The typical sectional view of one mirror which met one diagonal line is shown in (B) of 
drawing 12 . Each mirror is formed on the aluminum film and supported with two stanchions in the 
condition of having floated in the air. Since the mirror in this digital micro mirror device is driven (that 
is, the direction of the light injected from a mirror is changed), a certain potential is given to the 



rce is used between the aluminum film and ar 



aluminum film and Coulom^Torce is used between the aluminum film and an electrode by on the other 
hand making into potential opposite to the aluminum film the counterelectrode which countered the 
mirror. By this, a mirror can be rotated by using a fixed portion as the supporting point. Coulomb 
force is changed by changing the potential of the counterelectrode electrically connected to SRAM 
formed in the semi-conductor substrate with 1 and 0 (quantity, low), and the roll control of a mirror is 
performed. 

[0006] When a mirror drives, stress joins the aluminum film. That is, loads, such as torsion, join the 
fixed portion of the mirror which consists of the aluminum film. Consequently, the metal fatigue 
occurs into this part and the aluminum film which constitutes the fixed portion of a mirror is 
damaged. Therefore, the dependability of the fixed portion of a mirror is governing the dependability 
of a digital micro mirror device. So, it is one of the keys of utilization of the projection equipment 
using a digital micro mirror device to raise the dependability of this fixed portion. Moreover, since the 
minute metal membrane has structure which floated in the air, the problem of being weak is also in 
physical irritation, such as contact 

[0007] Therefore, the purpose of this invention has high dependability and a long life, and is to offer 

the digital micro mirror device with which the drive circuit was simplified. 

[0008] 

[Means for Solving the Problem] The digital micro mirror device of this invention for attaining the 
above-mentioned purpose the micro mirror section of one (b), and (b) — this — with one position 
control means for controlling the location of the micro mirror section established corresponding to 
the one micro mirror section (Ha) one transistor component for controlling this position control 
means — since — two or more constituted micro mirror components are arranged, and it changes, 
and is characterized by attaching this micro mirror section free [ migration ] to a position control 
means. 

[0009] As position control of the micro mirror section, control of the distance between a position 
control means and the micro mirror section and control of the include angle of the micro mirror 
section to a position control means can be mentioned. The micro mirror section is not being strongly 
fixed to a position control means. 

[0010] In the digital micro mirror device of this invention, the micro mirror section is equipped with 
the permanent magnet, a position control means can consist of an electromagnet, and it can consider 
as the configuration which controls the location of the micro mirror section by electromagnetic force 
which connects with the transistor component electrically and a position control means generates by 
control of a transistor component. 

[0011] In this case, the 1st mode by which the united stanchion is prepared in the lower part of the 
micro mirror section, this stanchion consists of a permanent magnet, and this stanchion is arranged 
near the position control means, Or the united stanchion is prepared in the lower part of the micro 
mirror section. The 2nd mode of this stanchion by which the permanent magnet layer is prepared at 
least in the pars basilaris ossis occipitalis, and this stanchion is arranged near the position control 
means, Furthermore, the united stanchion is prepared in the lower part of the micro mirror section 
again, the base of this micro mirror section and the external surface of a stanchion are equipped with 
the permanent magnet layer, and this stanchion can mention the 3rd mode arranged near the position 
control means. It is desirable to prepare the guide section in a micro mirror component so that the 
micro mirror section's dedropping [ a micro mirror component to ] may not be found. 
[0012] Or the digital micro mirror device of this invention for attaining the above-mentioned purpose 
again The transistor component formed in the (b) semi-conductor substrate, and the position control 
means which was established on the insulating layer formed on the (b) this transistor component, and 
was electrically connected to the transistor component, Consist of a micro mirror body and a 
stanchion and a micro mirror body is arranged on the guide layer formed on the position control 
means. (Ha) the micro mirror section by which the stanchion is contained free [ migration ] by the 
hole prepared in the guide layer, and the location of a stanchion is controlled by actuation of a 
position control means — since — it is characterized by arranging two or more constituted micro 
mirror components, and changing. 

[0013] Although the light reflex side of the micro mirror section can be constituted from any 
ingredients, and may moreover be a monolayer or the number of them may be [ two or more ] as long 



li^^flects a suitable quantity of light, it is de^^lb 



as it is the ingredient whicr^eflects a suitable quantity of light, it is desirable to use aluminum, an 
aluminium alloy, nickel, chromium, copper, silver, etc. especially. The permanent magnet (or 
permanent magnet layer) with which the micro mirror section was equipped can consist of 
ferromagnetic ingredients, such as iron, cobalt, and nickel. When it constitutes a position control 
means from an electromagnet, an electromagnet can consist of a core part (core section) which 
consists of ferromagnetic ingredients, such as iron, cobalt, and nickel, and a coil which encloses this 
core part As a transistor component, although the transistor component of any formats can be used, 
a MOS transistor component and a bipolar transistor component can be mentioned, for example. 
[0014] 

[Function] In the digital micro mirror device of this invention, the micro mirror section is attached 
free [ migration ] to the position control means, and the micro, mirror section is not being strongly 
fixed like a Prior art Therefore, force, such as torsion, cannot join the micro mirror section, but high 
dependability can be given to a digital micro mirror device. Moreover, if the drive of the micro mirror 
section is not driven by Coulomb force like the conventional technique but is driven magnetically, 
driving force is improved and stabilized and positive actuation of a micro mirror device can be 
guaranteed. 
[0015] 

[Example] Hereafter, with reference to a drawing, this invention is explained based on an example. In 
addition, the united stanchion is prepared in the lower part of the micro mirror section, and this 
stanchion consists of a permanent magnet and, as for an example 1, is related with the 1st mode by 
which the stanchion is arranged near the position control means. Moreover, it is prepared, and the 
permanent magnet layer is prepared in the pars basilaris ossis occipitalis at least, and the stanchion 
with which the example 2 was united in the lower part of the micro mirror section is related with the 
2nd mode of this stanchion by which the stanchion is arranged near the position control means. 
Furthermore, the united stanchion is prepared in the lower part of the micro mirror section, the base 
of a micro mirror and the external surface of a stanchion are equipped with the permanent magnet 
layer, and an example 3 is related with the 3rd mode by which this stanchion is arranged near the 
position control means. 

[0016] (Example 1) The digital micro mirror device of this invention arranges two or more micro 
mirror components, and changes, a part with each of a micro mirror component typical to drawing 1 — 
- a sectional view is shown — as — (**) — the one micro mirror sections 43 and 42 and (**) — one 
transistor components 15 and 16 for controlling one position control means 30, 35, and 32 and this 
(Ha) position control means for controlling the location of the micro mirror section prepared 
corresponding to these one micro mirror sections 43 and 42 — since — it changes. And the micro 
mirror sections 43 and 42 are attached free [ migration ] to the position control means 30, 35, and 32. 

[0017] The micro mirror sections 43 and 42 are equipped with the permanent magnet 42. On the 
other hand, the position control means 30, 35, and 32 consist of a kind of electromagnet and the end 
is connected to the transistor components 15 and 16. The transistor components 15 and 16 are MOS 
transistor components. And the location of the micro mirror sections 43 and 42 is controlled by 
electromagnetic force generated for the position control means 30, 35, and 32 by control of the 
transistor components 15 and 16. The location of the micro mirror sections 43 and 42 is controlled 
using the attraction and repulsive force specifically produced between the permanent magnets 42 
with which the position control means 30 and 35 were equipped with by the on-off control of the 
transistor components 15 and 16, and the micro mirror sections 43 and 42 were equipped in the 
current by a sink and the electromagnetic force which this generates with the position control means 
30, 35, and 32. 

[0018] In an example 1, the micro mirror sections 43 and 42 consist of stanchions 42 been 

[ stanchions / it ] united and prepared in the lower part of the micro mirror body 43 and the micro 

mirror body 43, and this stanchion 42 consists of a permanent magnet And the stanchion 42 is 

arranged free [ migration ] near the position control means 30, 35, and 32. Moreover, the guide 

section 44 for restricting a motion of the micro mirror section is formed near the micro mirror body 

43. 

[0019] Position control of the micro mirror section is performed by vertical movement of the micro 
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mirror section to a positio^^ontrol means in an example 1. In drawing ^ Tthe micro mirror section 
illustrated the condition of being in the location most distant from the position control means. 
[0020] Again or the digital micro mirror device of this invention The transistor components 15 and 16 
typical to drawing 1 formed in the (b) semi-conductor substrate 10 as a part was shown in a 
sectional view, The position control means 30, 35, and 32 which were established on the (b) transistor 
component 15 and the insulating layer 20 formed on 16, and were electrically connected to the 
transistor component, Consist of the micro mirror body 43 and a stanchion 42, and the micro mirror 
body 43 is arranged on the guide layer 40 formed on the position control, means. (Ha) the micro mirror 
sections 43 and 42 by which the stanchion 42 is contained free [ migration ] by hole 40A prepared in 
the guide layer 40, and the location of a stanchion 42 is controlled by actuation of a position control 
means — since — two or more constituted micro mirror components are arranged, and it changes. 
[0021] The principle of operation of the micro mirror component of this invention is shown in drawing 
2 . If the transistor components 15 and 16 are in the condition of OFF as shown in (A) of drawing 2 , 
the current is not flowing for the position control means connected to the transistor component. 
Therefore, electromagnetic force does not occur for the position control means 30, 32, and 35, but it 
is put on distance with fixed micro mirror section and position control means with the attraction 
committed between the permanent magnet 42 with which the micro mirror section was equipped, and 
this position control means. Consequently, the light which carried out incidence to the micro mirror 
section is injected in the predetermined direction. The light injected from the micro mirror section is 
interrupted by the shield which has opening prepared between the digital micro mirror device and the 
screen, and does not reach a screen. 

[0022] If a transistor component is made into an ON state as shown in (B) of drawing 2 , a current 
will flow for the position control means connected to the transistor components 15 and 16, and 
electromagnetic force will occur for the position control means 30, 32, and 35. According to the 
repulsive force committed between the permanent magnet 42 with which the micro mirror section 
was equipped, and this position control means, the micro mirror section moves in the direction which 
separates from a position control means. Consequently, the injection direction of the light which 
carried out incidence to the micro mirror section changes from injection before actuation of a 
position control means. The light injected from the micro mirror section passes opening of the shield 
formed between the digital micro mirror device and the screen, and reaches a screen. In addition, it is 
good even if contrary to the above-mentioned explanation in the attainment condition to the screen 
of the light in the on-off condition of a transistor component. 

[0023] In projecting an image on a screen, it carries out incidence of the color filter of RGB of the 
disk mold which rotates the light injected from the light source with the rotational speed of for 
example, 3600rpm to through and the digital micro mirror device of this invention. A white light is 
changed into three colors of RGB by rotating the color filter of a disk mold. The light of this RGB is 
reflected in the micro mirror section of a digital micro mirror device. And only the light in which the 
transistor component was reflected in the micro mirror section of the micro mirror component in an 
ON state (it is an OFF state depending on a configuration) reaches a screen through a projection 
lens. By carrying out time sharing of the display time of RGB, it is possible to control gradation. 
[0024] Hereafter, the production approach of the digital micro mirror device of the example 1 shown 
in drawing 1 is explained with reference to typical drawing 3 which is sectional views a part, such as a 
semi-conductor substrate, - drawing 6 . 

[0025] [Process -100] Based on the conventional approach, a MOS transistor component is first 
produced to the silicon semi-conductor substrate 10 (refer to (A) of drawing 3 ). Therefore, after first 
forming the component isolation region 11 which changes from Si02 to the silicon semi-conductor 
substrate 10 by the conventional approach, the front face of the silicon semi-conductor substrate 10 
is oxidized, and gate oxide 12 is formed. Subsequently, after making a polish recon layer deposit on 
the whole surface with a CVD method for example, with a photolithography technique and a dry 
etching technique, a polish recon layer is removed alternatively and the gate electrode 13 is formed. 
Then, the impurity ion implantation for forming LDD structure by the conventional approach is 
performed, and, subsequently to the side attachment wall of a gate electrode, the gate sidewall 14 
which consists of Si02 is formed. In this way, the gate polar zone 15 which consisted of the gate 
electrodes 13 and the gate sidewalls 14 which consist of gate oxide 12 and polish recon can be 
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formed. Then, an impurityion implantation is performed and the source^Qrain field 16 is formed in the 
silicon semi-conductor substrate 10. Each of these processes can be performed based on a well- 
known approach. 

[0026] The position control means electrically connected to the MOS transistor component is formed 
above a MOS transistor component through an insulating layer after that [ [process -110] ]. 
[0027] [Process-1 10A] Therefore, first, it changes from Si02 to the whole surface, and the insulating 
layer 20 with a thickness of 0.5 micrometers is formed in it with a CVD method. The conditions of a 
CVD method are illustrated below. 

Gas used: TEOS=50sccm substrate temperature: 720-degreeC pressure : 40Pa [0028] In addition, the 
ingredient which constitutes an insulating layer 20 is not limited to Si02, but can mention what 
carried out the laminating of other well-known insulating material, for example, BPSG, PSG and BSG, 
AsSG, PbSG, SbSG, SOG, SiON, SiN(s), or these insulator layers. 

[0029] A photolithography technique and a dry etching technique are used for the upper insulating 
layer 20 of [process-1 1 0B], next the source drain field 16, and opening 21 is formed. The conditions . 
of dry etching can be carried out as follows. 

Gas used : C4F8=50sccmRF power: 1200W pressure : 2Pa [0030] The inside of opening 21 is 
embedded with a metal wiring material after that [ [process-1 10C] ]. Therefore, Ti and the TiN layer 
22 are made to deposit from the bottom on the insulating layer 20 including the inside of opening 21 
first using a spatter. This TiN/Ti layer achieves the function as the so-called barrier metal layer and 
a contact resistance reduction layer. Subsequently, for example, the tungsten (W) layer 23 is made to 
deposit on the TiN/Ti layer 22 including the inside of opening 21 using the so-called blanket tungsten 
CVD method. Then, the tungsten layer and TiN/Ti layer on an insulating layer 20 are removed, and 
only the inside of opening 21 is embedded in the TiN/Ti layer 22 and the tungsten layer 23 (refer to 
(B) of drawing 3 ). The etchback conditions of a tungsten layer and a TiN/Ti layer are illustrated 
below in the membrane formation conditions of Ti layer and a TiN layer, the membrane formation 
conditions of the tungsten layer by the blanket tungsten CVD method, and a list. 
Membrane formation condition use gas of Ti layer : Ar=100sccm power : 4kW pressure : 0.47Pa 
membrane formation temperature : 150-degreeC thickness : Membrane formation condition use gas 
of 30nmTiN layers : Ar/N2=40 / 70sccm power : 5kW pressure : 0.47Pa membrane formation 
temperature : 150-degreeC thickness : Membrane formation condition use gas of W layers by 70nm 
blanket tungsten CVD method : WF6/H2=95 / 550sccm membrane formation temperature : 450- 
degreeC pressure : 1.1x104Pa thickness : Condition use gas of 0.4-micrometer etchback : 
SF6=50sccm microwave power : 850WRF power : 150W pressure : 1.33Pa [0031] A position control 
means is formed on an insulating layer 20 after that [ [process-1 10D] ]. Therefore, the 1st 
conductive layer 30 which consists of aluminum or an aluminum system alloy (it may name generically 
and may be hereafter called aluminum system alloy) is first formed in the whole surface by the 
spatter. The formation conditions of the 1st conductive layer 30 are illustrated below. 
Gas used : Ar=40sccm power : 22.5kW membrane formation temperature : 1 50-degreeC pressure : 
0.47Pa thickness : Various aluminium alloys, such as pure aluminium, aluminum-Si, aluminum-Cu, 
aluminum-Si-Cu, aluminum-germanium, and aluminum-Si-germanium, can be illustrated as 0.3 
micrometers and an aluminum system alloy. 

[0032] Patterning of the 1st conductive layer 30 is carried out to a desired flat-surface configuration 
after that [ [process-1 10E] ] using a photolithography technique and a dry etching technique. Dry 
etching conditions can be carried out as follows. 

Gas used : BCI3/CI2=60 / 90sccm microwave power : 1000WRF power : 50W pressure : 0.01 6Pa 
[0033] In addition, after skipping the process which embeds opening 21 in the tungsten layer 23 with 
a blanket tungsten CVD method and making aluminum system alloy layer deposit in a spatter on a 
TiN layer / Ti layer 22, the 1st conductive layer 30 by which embedded the inside of opening 21 with 
aluminum system alloy, and patterning was carried out collectively can also be obtained by removing 
alternatively aluminum system alloy layer and the TiN/Ti layer 22 on an insulating layer 20. 
[0034] Instead of aluminum system alloy which constitutes the 1st conductive layer 30, metal wiring 
materials, such as W, Cu, and Ag, can be used. Moreover, the formation approach of these metal 
wiring materials is not limited to a spatter, for example, can also use a CVD method. 
[0035] [Process-1 1 0F], next bias ECR The 1st flat layer insulation layer 31 which consists of SiN is 
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formed in the whole surfa^Fwith a CVD method on the whole surfaceTJefer to (C) of drawing 3 ). 
The formation conditions of the 1st layer insulation layer 31 are illustrated below. 
Gas used : SiH4/N20=21/35sccm microwave power : 1000WRF power : 300W membrane formation 
temperature : 450-degreeC pressure : 0.01 Pa [0036] The heart (core) layer 32 which consists of iron 
is formed by the spatter on the 1st layer insulation layer 31 after that [ [process-1 10G] ]. The 
membrane formation conditions of a core layer 32 are illustrated below. 

Gas used : Ar=100sccm power : 4kW pressure : 0.47Pa membrane formation temperature : 150- 
degreeC thickness : 70nm [0037] In addition, Co, nickel, etc. can also constitute a core layer 32 from 
ferromagnetic ingredients, such as an alloy of these ingredients, and an oxide, instead of iron. 
[0038] Patterning of the core layer 32 is carried out to a desired flat-surface configuration (for 
example, rectangle) using [process-1 1 0H] next a photolithography technique, and a dry etching 
technique (refer to (A) of drawing 4 ). Dry etching conditions can be carried out as follows. 
Gas used : BCI3/CI2=60 / 90sccm microwave power : 1000WRF power : 50W pressure : 0.01 6Pa 
substrate temperature : 350-degreeC [0039] After that [ [process-1 101] 1 bias ECR The 2nd flat 
layer insulation layer 33 which consists of SiN is formed in the whole surface with a CVD method on 
the whole surface. The formation conditions of the 2nd layer insulation layer 33 can be made to be 
the same as that of the formation conditions of the 1st layer insulation layer 31. Subsequently, 
opening 34 is formed in the 2nd layer insulation layer 33 using a photolithography technique and a dry 
etching technique. Dry etching conditions are illustrated below. 

Gas used : C4F8=50sccmRF power : 1 200W pressure : 2Pa [0040] In addition, the ingredient which 
constitutes the 1st layer insulation layer 31 or the 2nd layer insulation layer 33 is not limited to SiN, 
but can mention what carried out the laminating of other well-known insulating materials 2, for 
example, SiO, BPSG, PSG and BSG, AsSG, PbSG, SbSG, SOG, SiON(s), or these insulator layers. 
[0041] In this way, the structure shown in (B) of drawing 4 can be acquired. In addition, in (B) of 
drawing 4 , although it is illustrated as if opening was formed also in the core layer 32, opening is not 
formed in the core layer 32 in fact Opening 34 is formed only in the 2nd layer insulation layer 33. 
Moreover, in (B) of drawing 4 , although the condition that opening 34 was formed in the part on the 
right-hand side of [ each ] the field of the 1st conductive layer 30 by which patterning was carried 
out was shown, opening (not shown) is formed also in the part on the left-hand side of [ each ] the 
1st conductive layer 30 by which patterning was carried out in fact 

[0042] For example, a TiN layer (not shown) is formed on the [process-1 1 0 J], next 2nd layer 
insulation layer 33 which include the inside of opening 34 in a spatter, and the 2nd conductive layer 
35 which consists of a tungsten is further formed with a blanket tungsten CVD method on it The 
membrane formation conditions of a TiN layer can be made to be the same as that of the membrane 
formation conditions of the TiN layer of [process-1 1C]. Membrane formation condition use gas of the 
2nd conductive layer : WF6/H2=95 / 550sccm membrane formation temperature : 450-degreeC 
pressure : 1.1x104Pa thickness : 0.3 micrometers [0043] Patterning of the 2nd conductive layer 35 
and a TiN layer is performed on the etchback conditions of [process-1 10C], and the same conditions 
after that [ [process-1 1 0K] ] using a photolithography technique and a dry etching technique. 
[0044] In addition, the 2nd conductive layer 35 can also be formed instead of formation of the 2nd 
conductive layer 35 by the blanket tungsten CVD method by forming other metal wiring materials with 
a spatter or a CVD method on the 2nd layer insulation layer 33 including the inside of opening 34. 
[0045] [Process-1 1 0L] Further, after making the 3rd layer insulation layer 36 which consists of BPSG 
deposit on the whole surface, flattening processing of the 3rd layer insulation . layer 36 by heating is 
performed. In this way, the structure shown in (A) of drawing 5 can be acquired. The membrane 
formation conditions of the 3rd layer insulation layer 36 are illustrated below. 

Gas used : SiH4/PH3/B-2H6/O2/N2=80/7/7/1000/32000sccm membrane formation temperature : 
400-degreeC pressure : 1.0x105Pa thickness : 0.15 micrometers [0046] In addition, the ingredient 
which constitutes the 3rd layer insulation layer 36 is not limited to BPSG, but if it is an ingredient 
which is not etched into coincidence in case it etches the sacrifice layer formed behind, it can use 
any well-known insulating materials. 

[0047] In this way, the position control means which is a kind of electromagnet which consisted of 
the 1st conductive layer 30 which is equivalent to a coil at the core layer 32 which consists of iron, 
for example and is equivalent to the core part (core section) of an electromagnet and a list and the 
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2nd conductive layer 35 (tnese layers 30 and 35 are electrically connected one by one through 
opening 34 and opening which is not illustrated) is completed. The end (a part of 1st conductive layer 
30 by which patterning was carried out) of a coil is electrically connected with the source drain field 
16 of a MOS transistor component through the TiN/Ti layer 22 and the tungsten layer 23 which were 
embedded in opening 21. the edge (in or the case other edges of the 1st conductive layer 30) of the 
2nd conductive layer 35 which is the other end of a coil on the other hand — for example, it is 
grounded (not shown). By this, if a MOS transistor component is turned on, a current will flow in the 
coil which consisted of the 1st conductive layer 30 and 2nd conductive layer 35, and a field will 
occur. 

[0048] [A process -120], next the micro mirror sections 43 and 42 are formed above the position . 
control means 30, 35, and 32. 

[0049] [Process-1 20A] Therefore, the guide layer 40 which consists of polish recon is first formed in 
the whole surface. The CVD formation conditions of the guide layer 40 are illustrated below. 
Gas used : SiH4/helium=500 / SOsccm pressure : 80Pa membrane formation temperature : 400- 
degreeC thickness : 0.8 micrometers [0050] In addition, if it is the ingredient which is not etched into 
coincidence and is the ingredient which does not reflect light in case the sacrifice layer formed 
behind is etched instead of polish recon as an ingredient which constitutes a guide layer, any well- 
known ingredients can be used. 

[0051] Hole 40A is formed in the guide layer 40 which consists of polish recon with a 
photolithography technique and a dry etching technique after that [ [process-1 20B] ]. In addition, the 
stanchion behind formed in this hole 40A is contained. The conditions of dry etching can be made to 
be the same as that of [process-1 101]. 

[0052] [Process-1 20C] Subsequently the sacrifice layer (detached core) 41 which consists of Si02 is 
formed with the CVD method of the conditions illustrated below all over the guide layer 40 containing 
hole 40 A (refer to (B) of drawing 5 ). 

Gas used : SiH4/O2/N2=80/1000/32000sccm membrane formation temperature : 400-degreeC 
pressure : 1.0x105Pa thickness : 50nm [0053] An iron layer is made to deposit on the whole surface 
in the spatter of the conditions of [process-1 20D] after that, for example, the following. 
Gas used : Ar=100sccm power : 4kW pressure : 0.47Pa 'membrane formation temperature : 150— 
degreeC thickness : 1.0 micrometers [0054] The magnet prepared independently is brought close to 
an iron layer, and an iron layer is made to magnetize in [process-1 20E] and this condition. Then, 
using a photolithography technique and a dry etching technique, patterning of the iron layer is carried 
out and it leaves an iron layer into hole 40A. Dry etching conditions can be made to be the same as 
that of [process-1 1 0H]. In this way, the structure shown in (A) of drawing 6 can be acquired. The iron 
layer left behind into hole 40A is equivalent to a stanchion 42. Moreover, the stanchion 42 which 
consists of an iron layer is permanent-magnet-ized. 

[0055] For example, aluminum system alloy layer is formed by the spatter on [process-1 20F] next 
the sacrifice layer 41, and a stanchion 42. The formation conditions of aluminum system alloy layer 
are illustrated below. 

Gas used : Ar=40sccm power : 22.5kW membrane formation temperature : 500-degreeC pressure : 
0.47Pa thickness : 0.3 micrometers [0056] After that [ [process-1 20G] ], using a photolithography 
technique and a dry etching technique,- patterning of the aluminum system alloy layer is carried out, 
and the micro mirror body 43 which consists of aluminum system alloy layer is formed. The conditions 
of dry etching can be made to be the same as that of [process-1 10E]. In this way, the structure 
shown in (B) of drawing 6 can be acquired. 

[0057] After forming opening in [process-1 20H], next the about 43 micro mirror body sacrifice layer 
41, for example, a polish recon layer is made to deposit on the whole surface. And a polish recon 
layer is removed alternatively and perpendicular wall 44A which constitutes the guide section is 
formed from a polish recon layer. Next, the sacrifice layer 45 which consists, for example of Si02 is 
made to deposit on the whole surface (refer to (A) of drawing 7 ). Then, a polish recon layer is made 
to deposit on the whole surface again, this polish recon layer is removed alternatively, and horizontal 
height 44B which constitutes the guide section is formed (refer to (B) of drawing 7 ). 
[0058] The sacrifice layers 45 and 41 which change from Si02 to the [process-1 201] last by the dry 
etching method are removed. The conditions of dry etching are illustrated below. 



Gas used : CF4=100sccmRF power: 50W pressure : 6Pa [0059] In this way, the micro mirror 
component of the structure shown in drawing 1 is producible. 

[0060] (Example 2) An example 2 is deformation of an example 1 and the structure of the micro 
mirror section is different from an example 1. namely, the 2nd voice by which the united stanchion is 
prepared in the lower part of the micro mirror section, as for the example 2, the permanent magnet 
layer 50 is formed in the pars basilaris ossis occipitalis (it sets in the example 2 and is the whole 
surface of the external surface of a stanchion) of the stanchion which consists of this polish recon, 
and the stanchion is arranged free [ migration ] near the position control means — it is related like. 
Moreover, the micro mirror body in the micro mirror section is the two-layer structure of aluminum 
system alloy layer 52 and the tungsten layer 53, and light is reflected by the tungsten layer 53. 
[0061] In production of the digital micro mirror device of an example 2, formation of a position control 
means, i.e., the formation process of the 3rd layer insulation layer 36, can presuppose that it is the 
same as that of an example 1. So, only the formation approach of the micro mirror section is 
hereafter explained with reference to drawing 8 and drawing 9 . 

[0062] [Process-200A] After forming the guide layer 40 which consists of polish recon like [process- 
120A] - [process-1 20C] on the 3rd layer insulation layer 36, hole 40A is formed in the guide layer 40. 
[ of an example 1 ] Subsequently, the sacrifice layer (detached core) 41 which consists of Si02 all 
over the guide layer 40 containing hole 40A is formed with a CVD method (refer to (A) of drawing 8 ). 
[0063] An iron layer is made to deposit on the whole surface in the spatter of the conditions of 
[process-200B] after that, for example, the following. Hole 40A makes thickness of an iron layer the 
thickness which is not embedded by the iron layer. 

Gas used : Ar=100sccm power : 4kW pressure : 0.47Pa membrane formation temperature : 150- 
degreeC thickness : 70nm [0064] The magnet independently prepared in the state of [ this ] 
[process-200C] is brought close to an iron layer, an iron layer is magnetized, and an iron layer is 
permanent-magnet-ized. 

[0065] After that [ [process-200D] ], using a photolithography technique and a dry etching technique, 
patterning of the iron layer is carried out and it leaves an iron layer into hole 40A. Dry etching 
conditions can be made to be the same as that of [process-1 1 0H] of an example 1. In this way, the 
permanent magnet layer 50 can be formed in the pars basilaris ossis occipitalis and the side- 
attachment-wall section of hole 40A. 

[0066] [Process-200E] Subsequently to the whole surface, the polish recon layer 51 is formed. The 
CVD formation conditions of the polish recon layer 51 can be made to be the same as that of 
[process-1 20A] of an example 1. 

[0067] After that [ [process-200F] ], whole surface etchback of the polish recon layer 51 is carried 
out, and it leaves the polish recon layer 51 only in the crevice of the permanent magnet layer 50 
formed in the inside of hole 40A. In this way, the structure shown in (B) of drawing 8 can be acquired. 
The permanent magnet layer 50 and the polish recon layer 51 which were left behind into hole 40A 
are equivalent to a stanchion. In other words, even if there are few stanchions, the permanent 
magnet layer 50 is formed in a pars basilaris ossis occipitalis (it sets in the example 2 and they are all 
the external surface of a stanchion). The etchback conditions of a polish recon layer are illustrated 
below. 

Gas used : C2CI3F3/SF6=65/5sccm microwave power : 850WRF power : 150W pressure : 1.33Pa 
[0068] aluminum system alloy layer 52 is formed on the whole surface on the same conditions as 
[process-1 20F] of an example 1 after that [ [process-200G] ]. Next, the tungsten layer 53 is formed 
on aluminum system alloy layer 52 with the CVD method illustrated below. 

Gas used : WF6/H2=95 / 550sccm membrane formation temperature : 450-degreeC pressure : 
1.1x104Pa thickness : 30nm [0069] The tungsten layer 53 and aluminum system alloy layer 52 are 
etched into a desired pattern using [process-200H] next a photolithography technique, and a dry 
etching technique (refer to (C) of drawing 8 ). Etching conditions are illustrated below. 
Gas used : BCI3/CI2=60 / 90sccm microwave power : 1000WRF power : 50W pressure : 0.01 6Pa 
[0070] The tungsten layer 54 with a thickness of 100nm is made to deposit on the whole surface with 
the CVD method of the same conditions as [process-200G] again after that [ [process-2001] ]. And 
etchback of the tungsten layer 54 is carried out on the same conditions as [process-1 10C] of an 
example 1. In this way, the structure shown in (A) of drawing 9 can be acquired. The top face and the 



side face are covered witl^he tungsten layers 53 and 54, and aluminum system alloy layer 52 can 
give high dependability to a micro mirror body. 

[0071] the dilution fluoric acid solution (HF:H2O=5:100) after forming the guide section (not shown) 
near the micro mirror body 43 by the same approach as [process-120H] of an example 1 after that 
[ [process~200J] ] — for example, sacrifice layer 41 grade is removed by being immersed for 5 
minutes. In this way, the micro mirror section of the structure shown in (B) of drawing 9 is producible. 
In addition, finally the tungsten layers 53 and 54 of aluminum system alloy layer 52 top and a side 
attachment wall may be removed by the plasma-etching method illustrated below. 
Gas used : CF4=100sccmRF power: 50W pressure : 6Pa [0072] (Example 3) An example 3 is also 
deformation of an example 1 and the structure of the micro mirror section is different from an 
example 1. namely, the 3rd voice by which the united stanchion is prepared in the lower part of the 
micro mirror section, as for the example 3, the base (specifically base of a micro mirror body) of the 
micro mirror section and the external surface of a stanchion are equipped with the permanent magnet 
layer, and this stanchion is arranged free [ migration ] near the position control means — it is related 
like. Moreover, the micro mirror body in the micro mirror section is the twoHayer structure of the 
polish recon layer 62 and aluminum system alloy layer 63, and light is reflected by aluminum system 
alloy layer 63. Although the sacrifice layer was formed from Si02 in the example 1, in the example 3, 
the sacrifice layer was formed from the organic resist ingredient Moreover, a permanent magnet 
layer consists of cobalt (Co). 

[0073] In production of the digital micro mirror device of an example 3, formation of a position control 
means, i.e., the formation process of the 3rd layer insulation layer 36, can presuppose that it is the 
same as that of an example 1. So, only the formation approach of the micro mirror section is 
hereafter explained with reference to drawing 10 and drawing 1 1 . 

[0074] [Process-300A] After forming the guide layer 40 which consists of polish recon like [process- 
120A] - [process-1 20B] on the 3rd layer insulation layer 36, hole 40A is formed in a guide layer, [ of 
an example 1 ] Subsequently, the sacrifice layer (detached core) 60 which consists of an organic 
resist ingredient all over the guide layer 40 containing hole 40A is formed on a spin coat (refer to (A) 
°f drawing 10 ). The formation conditions of the sacrifice layer 60 are illustrated below. 
Use resist ingredient : OFPR 30cp spreading coating-machine engine speed : Baking after 2000rpm 
spreading : 100-degreeC [0075] The Co layer 61 is made to deposit all over the upper [ of the 
sacrifice layer 60 which includes the inside of hole 40A in the spatter of the conditions of [process- 
300B] after that, for example, the following, ]. 

Gas used : Ar^=100sccm power : 4kW pressure : 0.47Pa membrane formation temperature : 150- 
degreeC thickness : 0.3 micrometers [0076] The magnet independently prepared in the state of 
[ this ] [process-300C] is brought close to the Co layer 61, the Co layer 61 is magnetized, and the 
Co layer 61 is permanent-magnet-ized. That is, the Co layer 61 turns into a permanent magnet layer. 

[0077] The polish recon layer 62 with a thickness of 0.5 micrometers is-formed all over after that 
[ [process-300D] ]. The CVD formation conditions of the polish recon layer 62 can be made to be the 
same as that of [process-120A] of an example 1, and abbreviation. In addition, the polish recon layer 
62 is deposited also in the crevice of the Co layer 61 deposited in hole 40A, and this polish recon 
layer is equivalent to a stanchion. 

[0078] aluminum system alloy layer 63 is formed on the whole surface on the same conditions as 
[process-1 20F] of an example 1 after that [ [process-300E] ]. In this way, the structure shown in (B) 
of drawing 10 can be acquired. It has the permanent magnet layer which changes from the Co layer 
61 to the base of the micro mirror sections 62 and 63, and the external surface of a stanchion. 
[0079] Patterning is carried out using [process-300F] next a photolithography technique, and a dry 
etching technique on the conditions which illustrate aluminum system alloy layer 63, the polish recon 
layer 62, and the Co layer 61 below. 

patterning use gas [ of aluminum system alloy layer ]: — patterning use gas [ ] of a 50W pressure : 
0.01 6Pa polish recon layer — : C4F8/Ar — =50/10sccmRF power : 1200W Pressure : [ ] — in 
addition, patterning of the 2Pa of the Co layers 61 can be carried out by the over etching after the 
dry etching of the polish recon layer 62. : BCI3/CI2=60 / 90sccm microwave power: 1000WRF power 
[0080] Oxygen plasma-asher processing of the conditions of [process-300G] after that, for example, 



3^(md the sacrifice layer 60 which consists < 



the following, is performed, and the sacrifice layer 60 which consists ofah organic resist ingredient is 
removed. 

Gas used : O2=20sccmRF plasma : 200V pressure : The sacrifice layer 60 is completely removed by 
the fuming nitric acid after 1atm oxygen plasma-asher processing. 

[0081] As mentioned above, although the digital micro mirror device of this invention was explained 
based on the desirable example, this invention is not limited to these examples. The various 
membrane formation conditions of having explained in each example are instantiation, and can be 
changed suitably. The membrane formation approach can also replace a spatter and a CVD method 
suitably. 

[0082] In an example, although the position control of the micro mirror section was chiefly based on 
the vertical movement to a position control means, it may perform position control (include-angle 
control) of the micro mirror section to a position control means by what the micro mirror section is 
rotated for (an include-angle variation rate is carried out). In this case, what is necessary is just to, 
make different the clearance between horizontal height 44B and the guide layers 40 which constitute 
the guide section 44 for example the left-hand side and on the right-hand side of drawing 1 , and the 
guide section 44 may be formed near the one side of the micro mirror section. [ of the micro mirror 
section ] . Or what is necessary is to prepare one height or the pin section in the side attachment 
wall of a stanchion, and just to form the hole which engages with the height or the pin section 
concerning the side attachment wall of hole 40A gently again. The structure of a position control 
means is instantiation and can change structure suitably. 
[0083] 

[Effect of the Invention] In the conventional digital micro mirror device, since the mirror was rotated 
when the fixed portion of a mirror was twisted, it was easy to damage a fixed portion and endurance 
was bad. being appropriate — it is alike, and in the digital micro mirror device of this invention, a 
stanchion and a micro mirror body are united, moreover, it is not fixed to a position control means, 
but the micro mirror section is arranged free [ migration ]. therefore, even if it drives the micro mirror 
section, thei force in which it does not want does not join the micro mirror section, but from the 
conventional micro mirror device, endurance is markedly alike and improves. Moreover, since the 
micro mirror section can be driven with one transistor component, the degree of integration of the 
micro mirror section improves. 

[0084] And since the light reflex side of the micro mirror section is constituted from a metallic 
material, the brightness of the image on which about 100% is obtained and the reflection factor of 
light is projected from a digital micro mirror device is very high, and lightweight-ization is attained 
also for projection equipment. On the other hand, since the display using the conventional liquid 
crystal device has the permeability of light very as bad as several %, its brightness is low. It becomes 
possible to realize high definition of the monitor for HD, lightweight-izing, and low-pricing especially. 
[0085] furthermore, since the driving force of the digital micro mirror device of this invention is boiled 
markedly and improves, projection of the stable image is securable from the digital micro mirror 
device using the conventional Coulomb force. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the digital micro mirror device used with image 
projection equipment 
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PRIOR ART 



[Description of the Prior Art] In recent years, big screen-ization of television advances with quality 
improvement of television broadcasting etc., and the television set carrying the big screen Braun tube 
29 inches or more is becoming in use. However, while a television set big-screen-izes, the weight 
increases, for example, AUW is set to 60kg or more in the television set which is 29 inches, and 
migration is difficult. Although the general broadcast of HDVS is also becoming close, enlargement 
progresses further and the receiving set using the Braun tube for HDVS has the amount of Oshige of 
90kg or more. If it already becomes such weight, it will become very difficult to move the receiving 
set installed once later. 

[0003] On the other hand, the display of a projection method using a liquid crystal device is devised 
in recent years. In this indicating equipment, in light, it is making a liquid crystal device penetrate, and 
the image formed on the liquid crystal device is projected on an image screen. In such an indicating 
equipment, the heavy Braun tube becomes unnecessary, an indicating equipment only consists of the 
light sources and the liquid crystal devices for lighting, and an indicating equipment becomes very 
light It is necessary to make light penetrate the inside of a liquid crystal device in this kind of 
indicating equipment it is alike and has the problem that the light transmittance of a liquid crystal 
device is as low as several %, and the appropriate image projected on the screen is dark. 
[0004] In recent years, projection equipment using the digital micro mirror device (Digital Mirror 
Device) as new projection equipment is proposed from Texas Instruments, Inc. 1993 For example, 
J.P.Sampsell, "An Overview of the Didital Micromirror Device (DMD) and Its Application to Projection 
Display", and Society for Imformation Display International Symposium (SID'93) Digest of 
TechnicalPapers, pp 1012-1015 and May 1993 Refer to. This projection equipment has the structure 
where the mirror (micro mirror) was aligned on [ each ] many SRAM. And incidence of the light from 
the light source of RGB is carried out to these mirrors. And each mirror is moved based on the signal 
from SRAM (making it rotate), and the direction of the light injected from a mirror is changed. The 
light reflected in the suitable direction in the mirror by arranging the screen can be made to project 
on a screen. That is, an image can be projected on a screen by inputting an image control signal into 
SRAM. This condition is typically shown in (A) of drawing 12 . 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In the conventional digital micro mirror device, since the mirror was rotated 
when the fixed portion of a mirror was twisted, it was easy to damage a fixed portion and endurance 
was bad. being appropriate — it is alike, and in the digital micro mirror device of this invention, a 
stanchion and a micro mirror body are united, moreover, it is not fixed to a position control means, 
but the micro mirror section is arranged free [ migration ]. therefore, even if it drives the micro mirror 
section, the force in which it does not want does not join the micro mirror section, but from the 
conyentionalmicro mirror device, endurance is markedly alike and improves. Moreover, since the 
micro mirror section can be driven with one transistor component, the degree of integration of the 
micro mirror section improves. 

[0084] And since the light reflex side of the micro mirror section is constituted from a metallic 
material, the brightness of the image on which about 100% is obtained and the reflection factor of 
light is projected from a digital micro mirror device is very high, and lightweight-ization is attained 
also for projection equipment. On the other hand, since the display using the conventional liquid 
crystal device has the permeability of light very as bad as several %, its brightness is low. It becomes 
possible to realize high definition of the monitor for HD, lightweight-izing, and low-pricing especially. 
[0085] furthermore, since the driving force of the digital micro mirror device of this invention is boiled 
markedly and improves, projection of the stable image is securable from the digital micro mirror 
device using the conventional Coulomb force. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The flat-surface configuration of each mirror in a digital 
micro mirror device is a rectangle. And the mirror is being fixed on the silicon substrate among the 
four corners of a mirror in two corners on one diagonal line (it is called a fixed portion for 
convenience). Two corners on the diagonal line of everything but a mirror are put on the free 
condition. The typical sectional view of one mirror which met one diagonal line is shown in (B) of 
drawing 12 . Each mirror is formed on the aluminum film and supported with two stanchions in the 
condition of having floated in the air. Since the mirror in this digital micro mirror device is driven (that 
is, the direction of the light injected from a mirror is changed), a certain potential is given to the 
aluminum film and Coulomb force is used between the aluminum film and an electrode by on the other 
hand making into potential opposite to the aluminum film the counterelectrode which countered the 
mirror. By this, a mirror can be rotated by using a fixed portion as the supporting point. Coulomb 
force is changed by changing the potential of the counterelectrode electrically connected to SRAM 
formed in the semi-conductor substrate with 1 and 0 (quantity, low), and the roll control of a mirror is 
performed. 

[0006] When a mirror drives, stress joins the aluminum film. That is, loads, such as torsion, join the 
fixed portion of the mirror which consists of the aluminum film. Consequently, the metal fatigue 
occurs into this part and the aluminum film which constitutes the fixed portion of a mirror is 
damaged. Therefore, the dependability of the fixed portion of a mirror is governing the dependability 
of a digital micro mirror device. So, it is one of the keys of utilization of the projection equipment 
using a digital micro mirror device to raise the dependability of this fixed portion. Moreover, since the 
minute metal membrane has structure which floated in the air, the problem of being weak is also in 
physical irritation, such as contact. 

[0007] Therefore, the purpose of this invention has high dependability and a long life, and is to offer 
the digital micro mirror device with which the drive circuit was simplified. 
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MEANS 

[Means for Solving the Problem] The digital micro mirror device of this invention for attaining the 
above-mentioned purpose the micro mirror section of one (b), and (b) — this — with one position 
control means for controlling the location of the micro mirror section established corresponding to 
the one micro mirror section (Ha) one transistor component for controlling this position control 
means — since — two or more constituted micro mirror components are arranged, and it changes, 
and is characterized by attaching this micro mirror section free [ migration ] to a position control 
means. 

[0009] As position control of the micro mirror section, control of the distance between a position 
control means and the micro mirror section and control of the include angle of the micro mirror 
section to a position control means can be mentioned. The micro mirror section is not being strongly 
fixed to a position control means. 

[0010] In the digital micro mirror device of this invention, the micro mirror section is equipped with 
the permanent magnet, a position control means can consist of an electromagnet, and it can consider 
as the configuration which controls the location of the micro mirror section by electromagnetic force 
which connects with the transistor component electrically and a position control means generates by 
control of a transistor component. 

[0011] In this case, the 1st mode by which the united stanchion is prepared in the lower part. of the 
micro mirror section, this stanchion consists of a permanent magnet, and this stanchion is arranged 
near the position control means, Or the united stanchion is prepared in the lower part of the micro 
mirror section. The 2nd mode of this stanchion by which the permanent magnet layer is prepared at 
least in the pars basilaris ossis occipitalis, and this stanchion is arranged near the position control 
means, Furthermore, the united stanchion is prepared in the lower part of the micro mirror section 
again, the base of this micro mirror section and the external surface of a stanchion are equipped with 
the permanent magnet layer, and this stanchion can mention the 3rd mode arranged near the position 
control means. It is desirable to prepare the guide section in a micro mirror component so that the 
micro mirror section's dedropping [ a micro mirror component to ] may not be found. 
[0012] Or the digital micro mirror device of this invention for attaining the above-mentioned purpose 
again The transistor component formed in the (b) semi-conductor substrate, and the position control 
means which was established on the insulating layer formed on the (b) this transistor component, and 
was electrically connected to the transistor component, Consist of a micro mirror body and a 
stanchion and a micro mirror body is arranged on the guide layer formed on the position control 
means. (Ha) the micro mirror section by which the stanchion is contained free [ migration ] by the 
hole prepared in the guide layer, and the location of a stanchion is controlled by actuation of a 
position control means — since — it is characterized by arranging two or more constituted micro 
mirror components, and changing. 

[0013] Although the light reflex side of the micro mirror section can be constituted from any 
ingredients, and may moreover be a monolayer or the number of them may be [ two or more ] as long 
as it is the ingredient which reflects a suitable quantity of light, it is desirable to use aluminum, an 
aluminium alloy, nickel, chromium, copper, silver, etc. especially. The permanent magnet (or 
permanent magnet layer) with which the micro mirror section was equipped can consist of 
ferromagnetic ingredients, such as iron, cobalt, and nickel. When it constitutes a position control 




means from an electromagnet, an electromagnet can consist of a core part (core section) which 
consists of ferromagnetic ingredients, such as iron, cobalt, and nickel, and a coil which encloses this 
core part As a transistor component although the transistor component of any formats can be used, 
a MOS transistor component and a bipolar transistor component can be mentioned, for example. 
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OPERATION 



[Function] In the digital micro mirror device of this invention, the micro mirror section is attached 
free [ migration ] to the position control means, and the micro mirror section is not being strongly 
fixed like a Prior art Therefore, force, such as torsion, cannot join the micro mirror section, but high 
dependability can be given to a digital micro mirror device. Moreover, if the drive of the micro mirror 
section is not driven by Coulomb force like the conventional technique but is driven magnetically, 
driving force is improved and stabilized and positive actuation of a micro mirror device can be 
guaranteed. 
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[Example] Hereafter, with reference to a drawing, this invention is explained based on an example. In 
addition, the united stanchion is prepared in the lower part of the micro mirror section, and this 
stanchion consists of a permanent magnet and, as for an example 1, is related with the 1st mode by 
which the stanchion is arranged near the position control means. Moreover, it is prepared, and the 
permanent magnet layer is prepared in the pars basilaris ossis occipitalis at least, and the stanchion 
with which the example 2 was united in the lower part of the micro mirror section is related with the. 
2nd mode of this stanchion by which the stanchion is arranged near the position control means. 
Furthermore, the united stanchion is prepared in the lower part of the micro mirror section, the base 
of a micro mirror and the external surface of a stanchion are equipped with the permanent magnet 
layer, and an example 3 is related with the 3rd mode by which this stanchion is arranged near the 
position control means. 

[0016] (Example 1) The digital micro mirror device of this invention arranges two or more micro 
mirror components, and changes, a part with each of a micro mirror component typical to drawing 1 - 
- a sectional view is shown — as — (**) — the one micro mirror sections 43 and 42 and (**) — one 
transistor components 15 and 16 for controlling one position control means 30, 35, and 32 and this 
(Ha) position control means for controlling the location of the micro mirror section prepared 
corresponding to these one micro mirror sections 43 and 42 — since — it changes. And the micro 
mirror sections 43 and 42 are attached free [ migration ] to the position control means 30, 35, and 32. 

[0017] The micro mirror sections 43 and 42 are equipped with the permanent magnet 42. On the 
other hand, the position control means 30, 35, and 32 consist of a kind of electromagnet, and the end 
is connected to the transistor components 15 and 16. The transistor components 15 and 16 are MOS 
transistor components. And the location of the micro mirror sections 43 and 42 is controlled by 
electromagnetic force generated for the position control means 30, 35, and 32 by control of the 
transistor components 15 and 16. The location of the micro mirror sections 43 and 42 is controlled 
using the attraction and repulsive force specifically produced between the permanent magnets 42 
with which the position control means 30 and 35 were equipped with by the on-off control of the 
transistor components 15 and 16, and the micro mirror sections 43 and 42 were equipped in the 
current by a sink and the electromagnetic force which this generates with the position control means 
30, 35, and 32. 

[0018] In an example 1, the micro mirror sections 43 and 42 consist of stanchions 42 been 

[ stanchions / it ] united and prepared in the lower part of the micro mirror body 43 and the micro 

mirror body 43, and this stanchion 42 consists of a permanent magnet. And the stanchion 42 is 

arranged free [ migration ] near the position control means 30, 35, and 32. Moreover, the guide 

section 44 for restricting a motion of the micro mirror section is formed near the micro mirror body 

43. 

[0019] Position control of the micro mirror section is performed by vertical movement of the micro 
mirror section to a position control means in an example 1. In drawing 1 , the micro mirror section 
illustrated the condition of being in the location most distant from the position control means. 
[0020] Again or the digital micro mirror device of this invention The transistor components 15 and 16 
typical to drawing 1 formed in the (b) semi-conductor substrate 10 as a part was shown in a 
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sectional view, The position control means 30, 35, apd 32 which were established on the (b) transistor 
component 15 and the insulating layer 20 formed on 16, and were electrically connected to the 

■if* 

transistor component, Consist of the micro mirror body 43 and a stanchion 42, and the micro mirror 
body 43 is arranged on the guide layer 40 formed on the position control means. (Ha) the micro mirror 
sections 43 and 42 by which the stanchion 42 is contained free [ migration ] by hole 40A prepared in 
the guide layer 40, and the location of a stanchion 42 is controlled by actuation of a position control 
means — since — two or more constituted micro mirror components are arranged, and it changes. 
[0021] The principle of operation of the micro mirror component of this invention is shown in drawing 
2 . If the transistor components 15 and 16 are in the condition of OFF as shown in (A) of drawing 2 , 
the current is not flowing for the position control means connected to the transistor component. 
Therefore, electromagnetic force does not occur for the position control means 30, 32, and 35, but it 
is put on distance with fixed micro mirror section and position control means with the attraction 
committed between the permanent magnet 42 with which the micro mirror section was equipped, and 
this position control means. Consequently, the light which carried out incidence to the micro mirror 
section is injected in the predetermined direction. The light injected from the micro mirror section is 
interrupted by the shield which has opening prepared between the digital micro mirror device and the 
screen, and does not reach a screen. 

[0022] If a transistor component is made into an ON state as shown in (B) of drawing 2 , a current 
will flow for the position control means connected to the transistor components 15 and 16, and 
electromagnetic force will occur for the position control means 30, 32, and 35. According to the 
repulsive force committed between the permanent magnet 42 with which the micro mirror section 
was equipped, and this position control means, the micro mirror section moves in the direction which 
separates from a position control means. Consequently, the injection direction of the light which 
carried out incidence to the micro mirror section changes from injection before actuation of a 
position control means. The light injected from the micro mirror section passes opening of the shield 
formed between the digital micro mirror device and the screen, and reaches a screen. In addition, it is 
good even if contrary to the above-mentioned explanation in the attainment condition to the screen 
of the light in the on-off condition of a transistor component. 

[0023] In projecting an image on a screen, it carries out incidence of the color filter of RGB of the 
disk mold which rotates the light injected from the light source with the rotational speed of for 
example, 3600rpm to through and the digital micro mirror device of this invention. A white light is 
changed into three colors of RGB by rotating the color filter of a disk mold. The light of this RGB is 
reflected in the micro mirror section of a digital micro mirror device. And only the light in which the 
transistor component was reflected in the micro mirror section of the micro mirror component in an 
ON state (it is an OFF state depending on a configuration) reaches a screen through a projection 
lens. By carrying out time sharing of the display time of RGB, it is possible to control gradation. 
[0024] Hereafter, the production approach of the digital micro mirror device of the example 1 shown 
in drawing 1 is explained with reference to typical drawing 3 which is sectional views a part, such as a 
semi-conductor substrate, - drawing 6 . 

[0025] [Process -100] Based on the conventional approach, a MOS transistor component is first 
produced to the silicon semi-conductor substrate 10 (refer to (A) of drawing 3 ). Therefore, after first 
forming the component isolation region 11 which changes from Si02 to the silicon semi-conductor 
substrate 10 by the conventional approach, the front face of the silicon semi-conductor substrate 10 
is oxidized, and gate oxide 12 is formed. Subsequently, after making a polish recon layer deposit on 
the whole surface with a CVD method for example, with a photolithography technique and a dry 
etching technique, a polish recon layer is removed alternatively and the gate electrode 13 is formed. 
Then, the impurity ion implantation for forming LDD structure by the conventional approach is 
performed, and, subsequently to the side attachment wall of a gate electrode, the gate sidewall 14 
which consists of Si02 is formed. In this way, the gate polar zone 15 which consisted of the gate 
electrodes 13 and the gate sidewalls 14 which consist of gate oxide 12 and polish recon can be 
formed. Then, an impurity ion implantation is performed and the source drain field 16 is formed in the 
silicon semi-conductor substrate 10. Each of these processes can be performed based on a well- 
known approach. 

[0026] The position control means electrically connected to the MOS transistor component is formed 
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above a MOS transistor component through an insulating layer after that [ [process -1 10] ]. 
[0027] [Process-1 1 0A] Therefore, first, it changes from Si02 to the whole surface, and the insulating 
layer 20 with a thickness of 0.5 micrometers is formed in it with a CVD method. The conditions of a 
CVD method are illustrated below. 

Gas used: TEOS=50sccm substrate temperature: 720-degreeC pressure : 40Pa [0028] In addition, the 
ingredient which constitutes an insulating layer 20 is not limited to Si02, but can mention what 
carried out the laminating of other well-known insulating material, for example, BPSG, PSG and BSG, 
AsSG, PbSG, SbSG, SOG, SiON, SiN(s), or these insulator layers. 

[0029] A photolithography technique and a dry etching technique are used for the upper insulating 
layer 20 of [process-1 10B], next the source drain field 1 6, and opening 21 is formed. The conditions 
of dry etching can be carried out as follows. 

Gas used : C4F8=50sccmRF power: 1200W pressure : 2Pa [0030] The inside of oagping 21 is 
embedded with a metal wiring material after that [ [process-1 10C] ]. Therefore, Ti and the TiN layer 
22 are made to deposit from the bottom on the insulating layer 20 including the inside of opening 21 
first using a spatter. This TiN/Ti layer achieves the function as the so-called barrier metal layer and 
a contact resistance reduction layer. Subsequently, for example, the tungsten (W) layer 23 is made to 
deposit on the TiN/Ti layer 22 including the inside of opening 21 using the so-called blanket tungsten 
CVD method. Then, the tungsten layer and TiN/Ti layer on an insulating layer 20 are removed, and 
only the inside of opening 21 is embedded in the TiN/Ti layer 22 and the tungsten layer 23 (refer to 
(B) of drawing 3 ). The etchback conditions of a tungsten layer and a TiN/Ti layer are illustrated 
below in the membrane formation conditions of Ti layer and a TiN layer, the membrane formation 
conditions of the tungsten layer by the blanket tungsten CVD method, and a list. 
Membrane formation condition use gas of Ti layer : Ar=100sccm power : 4kW pressure : 0.47Pa 
membrane formation temperature : 150-degreeC thickness : Membrane formation condition use gas 
of 30nmTiN layers : Ar/N2=40 / 70sccm power : 5kW pressure : 0.47Pa membrane formation 
temperature : 150-degreeC thickness : Membrane formation condition use gas of W layers by 70nm 
blanket tungsten CVD method : WF6/H2=95 / 550sccm membrane formation temperature : 450- 
degreeC pressure : 1.1x104Pa thickness : Condition use gas of 0.4-micrometer etchback : 
SF6=50sccm microwave power : 850WRF power : 150W pressure : 1.33Pa [0031] A position control 
means is formed on an insulating layer 20 after that [ [process-1 10D] ]. Therefore, the 1st 
conductive layer 30 which consists of aluminum or an aluminum system alloy (it may name generically 
and may be hereafter called aluminum system alloy) is first formed in the whole surface by the 
spatter. The formation conditions of the 1st conductive layer 30 are illustrated below. 
Gas used : Ai<=40sccm power : 22.5kW membrane formation temperature : 1 50-degreeC pressure : 
0.47Pa thickness : Various aluminium alloys, such as pure aluminium, aluminum-Si, aluminum-Cu, 
aluminum-Si-Cu, aluminum-germanium, and aluminum-Si-germanium, can be illustrated as 0.3 
micrometers and an aluminum system alloy. 

[0032] Patterning of the 1st conductive layer 30 is carried out to a desired flat-surface configuration 
after that [ [process-1 10E] ] using a photolithography technique and a dry etching technique. Dry 
etching conditions can be. carried out as follows. 

Gas used : BCI3/CI2=60 / 90sccm microwave power : 1000WRF power : SOW pressure : 0.01 6Pa 

[0033] In addition, after skipping the process which embeds opening 21 in the tungsten layer 23 with 

a blanket tungsten CVD method and making aluminum system alloy layer deposit in a spatter on a 

TiN layer / Ti layer 22, the 1st conductive layer 30 by which embedded the inside of opening 21 with 

aluminum system alloy, and patterning was carried out collectively can also be obtained by removing 

alternatively aluminum system alloy layer and the TiN/Ti layer 22 on an insulating layer 20. 

[0034] Instead of aluminum system alloy which constitutes the 1st conductive layer 30, metal wiring 

materials, such as W, Cu, and Ag, can be used. Moreover, the formation approach of these metal 

wiring materials is not limited to a spatter, for example, can also use a CVD method. 

[0035] [Process-1 1 0F], next bias ECR The 1st flat layer insulation layer 31 which consists of SiN is 

formed in the whole surface with a CVD method on the whole surface (refer to (C) of drawing 3 ). 

The formation conditions of the 1st layer insulation layer 31 are illustrated below. 

Gas used : SiH4/N20=21/35sccm microwave power : 1000WRF power : 300W membrane formation 

temperature : 450-degreeC pressure : 0.01 Pa [0036] The heart (core) layer 32 which consists of iron 
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is formed by the spatter orTthe 1st layer insulation layer 31 after that LTprocess-1 10G] ]. The 
membrane formation conditions of a core layer 32 are illustrated below. 

Gas used : Ar=100sccm power : 4kW pressure : 0.47Pa membrane formation temperature : 150- 
degreeC thickness : 70nm [0037] In addition, Co, nickel, etc. can also constitute a core layer 32 from 
ferromagnetic ingredients, such as an alloy of these ingredients, and an oxide, instead of iron. 
[0038] Patterning of the core layer 32 is carried out to a desired flat-surface configuration (for 
example, rectangle) using [process-1 10H] next a photolithography technique, and a dry etching 
technique (refer to (A) of drawing 4 ). Dry etching conditions can be carried out as follows. 
Gas used : BCI3/CI2=60 / 90sccm microwave power : 1000WRF power : SOW pressure : 0.01 6Pa 
substrate temperature : 350-degreeC [0039] After that [ [process-1 101] ], bias ECR The 2nd flat 
layer insulation layer 33 which consists of SiN is formed in the whole surface with a CVD method on 
the whole surface. The formation conditions of the 2nd layer insulation layer 33 can be made to be 
the same as that of the formation conditions of the 1st layer insulation layer 31. Subsequently, 
opening 34 is formed in the 2nd layer insulation layer 33 using a photolithography technique and a dry 
etching technique. Dry etching conditions are illustrated below. 

Gas used : C4F8=50sccmRF power : 1200W pressure : 2Pa [0040] In addition, the ingredient which 
constitutes the 1st layer insulation layer 31 or the 2nd layer insulation layer 33 is not limited to SiN, 
but can mention what carried out the laminating of other well-known insulating materials 2, for 
example, SiO, BPSG, PSG and BSG, AsSG, PbSG, SbSG, SOG, SiON(s), or these insulator layers. 
[0041] In this way, the structure shown in (B) of drawing 4 can be acquired. In addition, in (B) of 
drawing 4 , although it is illustrated as if opening was formed also in the core layer 32, opening is not 
formed in the core layer 32 in fact Opening 34 is formed only in the 2nd layer insulation layer 33. 
Moreover, in (B) of drawing 4 , although the condition that opening 34 was formed in the part on the 
right-hand side of [ each ] the field of the 1st conductive layer 30 by which patterning was carried 
out was shown, opening (not shown) is formed also in the part on the left-hand side of [ each ] the 
1st conductive layer 30 by which patterning was carried out in fact 

[0042] For example, a TiN layer (not shown) is formed on the [process-1 10 J], next 2nd layer 
insulation layer 33 which include the inside of opening 34 in a spatter, and the 2nd conductive layer 
35 which consists of a tungsten is further formed with a blanket tungsten CVD method on it The 
membrane formation conditions of a TiN layer can be made to be the same as that of the membrane 
formation conditions of the TiN layer of [process-1 1 C]. Membrane formation condition use gas of the 
2nd conductive layer : WF6/H2=95 / 550sccm membrane formation temperature : 450-degreeC 
pressure : 1.1x104Pa thickness : 0.3 micrometers [0043] Patterning of the 2nd conductive layer 35 
and a TiN layer is performed on the etchback conditions of [process-1 10C], and the same conditions 
after that [ [process-1 1 0K] ] using a photolithography technique and a dry etching technique. 
[0044] In addition, the 2nd conductive layer 35 can also be formed instead of formation of the 2nd 
conductive layer 35 by the blanket tungsten CVD method by forming other metal wiring materials with 
a spatter or a CVD method on the 2nd layer insulation layer 33 including the inside of opening 34. 
[0045] [Process-1 1 0L] Further, after making the 3rd layer insulation layer 36 which consists of BPSG 
deposit on the whole surface, flattening processing of the 3rd layer insulation layer 36 by heating is 
performed. In this way, the structure shown in (A) of drawing 5 can be acquired. The membrane 
formation conditions of the 3rd layer insulation layer 36 are illustrated below. 

Gas used : SiH4/PH3/B-2H6/O2/N2=80/7/7/1000/32000sccm membrane formation temperature : 
400-degreeC pressure : 1.0x105Pa thickness : 0.15 micrometers [0046] In addition, the ingredient 
which constitutes the 3rd layer insulation layer 36 is not limited to BPSG, but if it is an ingredient 
which is not etched into coincidence in case it etches the sacrifice layer formed behind, it can use 
any well-known insulating materials. 

[0047] In this way, the position control means which is a kind of electromagnet which consisted of 
the 1st conductive layer 30 which is equivalent to a coil at the core layer 32 which consists of iron, 
for example and is equivalent to the core part (core section) of an electromagnet and a list and the 
2nd conductive layer 35 (these layers 30 and 35 are electrically connected one by one through 
opening 34 and opening which is not illustrated) is completed. The end (a part of 1st conductive layer 
30 by which patterning was carried out) of a coil is electrically connected with the source drain field 
16 of a MOS transistor component through the TiN/Ti layer 22 and the tungsten layer 23 which were 
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embedded in opening 21. the edge (in or the case other edges of the 1st conductive layer 30) of the 
2nd conductive layer 35 which is the other end of a coil on the other hand — for example, it is 
grounded (not shown). By this, if a MOS transistor component is turned on, a current will flow in the 
coil which consisted of the 1st conductive layer 30 and 2nd conductive layer 35, and a field will 
occur. 

[0048] [A process -120], next the micro mirror sections 43 and 42 are formed above the position 
control means 30, 35, and 32. 

[0049] [Process-1 20A] Therefore, the guide layer 40 which consists of polish recon is first formed in 
the whole surface. The CVD formation conditions of the guide layer 40 are illustrated below. 
Gas used : SiH4/helium=500 / 50sccm pressure : 80Pa membrane formation temperature : 400- 
degreeC thickness : 0.8 micrometers [0050] In addition, if it is the ingredient which is not etched into 
coincidence and is the ingredient which does not reflect light in case the sacrifice layer formed 
behind is etched instead of polish recon as an ingredient which constitutes a guide layer, any well- 
known ingredients can be used. 

[0051] Hole 40A is formed in the guide layer 40 which consists of polish recon with a 
photolithography technique and a dry etching technique after that [ [process-1 20B] ]. In addition, the 
stanchion behind formed in this hole 40A is contained. The conditions of dry etching can be made to 
be the same as that of [process-1 1 01]. 

[0052] [Process-1 20C] Subsequently the sacrifice layer (detached core) 41 which consists of Si02 is 
formed with the CVD method of the conditions illustrated below all over the guide layer 40 containing 
hole 40A (refer to (B) of drawing 5 ). 

Gas used : SiH4/O2/N2=80/1000/32000sccm membrane formation temperature : 400-degreeC 
pressure : 1.0x1 05Pa thickness : 50nm [0053] An iron layer is made to deposit on the whole surface 
in the spatter of the conditions of [process-1 20D] after that, for example, the following. 
Gas used : Ar^100sccm power : 4kW pressure : 0.47Pa membrane formation temperature : 150- 
degreeC thickness : 1.0 micrometers [0054] The magnet prepared independently is brought close to 
an iron layer, and an iron layer is made to magnetize in [process-1 20E] and this condition. Then, 
using a photolithography technique and a dry etching technique, patterning of the iron layer is carried 
out and it leaves an iron layer into hole 40A. Dry etching conditions can be made to be the same as 
that of [process-1 1 0H]. In this way, the structure shown in (A) of drawing 6 can be acquired. The iron 
layer left behind into hole 40A is equivalent to a stanchion 42. Moreover, the stanchion 42 which 
consists of an iron layer is permanent-magnet— ized. 

[0055] For example, aluminum system alloy layer is formed by the spatter on [process-1 20F] next 
the sacrifice layer 41, and a stanchion 42. The formation conditions of aluminum system alloy layer 
are illustrated below. 

Gas used : Ar=40sccm power : 22.5kW membrane formation temperature : 500-degreeC pressure : 
0.47Pa thickness : 0.3 micrometers [0056] After that [ [process-1 20G] ], using a photolithography 
technique and a dry etching technique, patterning of the aluminum system alloy layer is carried out, 
and the micro mirror body 43 which consists of aluminum system alloy layer is formed. The conditions 
of dry etching can be made to be the same as that of [process-1 10E]. In this way, the structure 
shown in (B) of drawing 6 can be acquired. 

[0057] After forming opening in [process-1 20H], next the about 43 micro mirror body sacrifice layer 

41, for example, a polish recon layer is made to deposit on the whole surface. And a polish recon 

layer is removed alternatively and perpendicular wall 44A which constitutes the guide section is 

formed from a polish recon layer. Next, the sacrifice layer 45 which consists, for example of Si02 is 

made to deposit on the whole surface (refer to (A) of drawing 7 ). Then, a polish recon layer is made 

to deposit on the whole surface again, this polish recon layer is removed alternatively, and horizontal 

height 44B which constitutes the guide section is formed (refer to (B) of drawing 7 ). 

[0058] The sacrifice layers 45 and 41 which change from Si02 to the [process-1 201] last by the dry 

etching method are removed. The conditions of dry etching are illustrated below. 

Gas used : CF4=100sccmRF power: 50W pressure : 6Pa [0059] In this way, the micro mirror 

component of the structure shown in drawing 1 is producible. 

[0060] (Example 2) An example 2 is deformation of an example 1 and the structure of the micro 
mirror section is different from an example 1. namely, the 2nd voice by which the united stanchion is 



prepared in the lower part of the micro mirror section, as for the example 2, the permanent magnet 
layer 50 is formed in the pars basilaris ossis occipitalis (it sets in the example 2 and is the whole 
surface of the external surface of a stanchion) of the stanchion which consists of this polish recon, 
and the stanchion is arranged free [ migration ] near the position control means — it is related like. 
Moreover, the micro mirror body in the micro mirror section is the two-layer structure of aluminum 
system alloy layer 52 and the tungsten layer 53, and light is reflected by the tungsten layer 53. 
[0061] In production of the digital micro mirror device of an example 2, formation of a position control 
means, i.e., the formation process of the 3rd layer insulation layer 36, can presuppose that it is the 
same as that of an example 1. So, only the formation approach of the micro mirror section is 
hereafter explained with reference to drawing 8 and drawing 9 . 

[0062] [Process-200A] After forming the guide layer 40 which consists of polish recon like [process- 
120A] ~ [process-1 20C] on the 3rd layer insulation layer 36, hole 40A is formed in the guide layer 40. 
[ of an example 1 ] Subsequently, the sacrifice layer (detached core) 41 which consists of Si02 all 
over the guide layer 40 containing hole 40A is formed with a CVD method (refer to (A) of drawing 8 ). 
[0063] An iron layer is made to deposit on the whole surface in the spatter of the conditions of 
[process-200B] after that, for example, the following. Hole 40A makes thickness of an iron layer the 
thickness which is not embedded by the iron layer. 

Gas used : Ar=100sccm power : 4kW pressure : 0.47Pa membrane formation temperature : 150- 
degreeC thickness : 70nm [0064] The magnet independently prepared in the state of [ this ] 
[process-200C] is brought close to an iron layer, an iron layer is magnetized, and an iron layer is 
permanent-magnet-ized. 

[0065] After that [ [process-200D] ], using a photolithography technique and a dry etching technique, 
patterning of the iron layer is carried out and it leaves an iron layer into hole 40A. Dry etching 
conditions can be made to be the same as that of [process— 1 10H] of an example 1. In this way, the 
permanent magnet layer 50 can be formed in the pars basilaris ossis occipitalis and the side- 
attachment-wall section of hole 40A. 

[0066] [Process-200E] Subsequently to the whole surface, the polish recon layer 51 is formed. The 
CVD formation conditions of the polish recon layer 51 can be made to be the same as that of 
[process-1 20A] of an example 1. 

[0067] After that [ [process-200F] ], whole surface etchback of the polish recon layer 51 is carried 
out, and it leaves the polish recon layer 51 only in the crevice of the permanent magnet layer 50 
formed in the inside of hole 40A. In this way, the structure shown in (B) of drawing 8 can be acquired. 
The permanent magnet layer 50 and the polish recon layer 51 which were left behind into hole 40A 
are equivalent to a stanchion. In other words, even if there are few stanchions, the permanent 
magnet layer 50 is formed in a pars basilaris ossis occipitalis (it sets in the example 2 and they are all 
the external surface of a stanchion). The etchback conditions of a polish recon layer are illustrated 
below. 

Gas used : C2CI3F3/SF6=65/5sccm microwave power : 850WRF power : 150W pressure : 1.33Pa 
[0068] aluminum system alloy layer 52 is formed on the whole surface on the same conditions as 
[process-1 20F] of an example 1 after that [ [process-200G] ]. Next, the tungsten layer 53 is formed 
on aluminum system alloy layer 52 with the CVD .method illustrated below. 

Gas used : WF6/H2=95 / 550sccm membrane formation temperature : 450-degreeC pressure : 
1.1x104Pa thickness : 30nm [0069] The tungsten layer 53 and aluminum system alloy layer 52 are 
etched into a desired pattern using [process~200H] next a photolithography technique, and a dry 
etching technique (refer to (C) of drawing 8 ). Etching conditions are illustrated below. 
Gas used : BCI3/CI2=60 / 90sccm microwave power : 1000WRF power : SOW pressure : 0.01 6Pa 
[0070] The tungsten layer 54 with a thickness of 100nm is made to deposit on the whole surface with 
the CVD method of the same conditions as [process-200G] again after that [ [process-2001] ]. And 
etchback of the tungsten layer 54 is carried out on the same conditions as [process-1 10C] of an 
example 1. In this way, the structure shown in (A) of drawing 9 can be acquired. The top face and the 
side face are covered with the tungsten layers 53 and 54, and aluminum system alloy layer 52 can 
give high dependability to a micro mirror body. 

[0071] the dilution fluoric acid solution (HF:H2O=5:100) after forming the guide section (not shown) 
near the micro mirror body 43 by the same approach as [process-1 20H] of an example 1 after that 



[ [process-200J] ] — for example, sacrifice layer 41 grade is removed by being immersed for 5 
minutes. In this way, the micro mirror section of the structure shown in (B) of drawing 9 is producible. 
In addition, finally the tungsten layers 53 and 54 of aluminum system alloy layer 52 top and a side 
attachment wall may be removed by the plasma-etching method illustrated below. 
Gas used : CF4=100sccmRF power: 50W pressure : 6Pa [0072] (Example 3) An example 3 is also 
deformation of an example 1 and the structure of the micro mirror section is different from an 
example 1. namely, the 3rd voice by which the united stanchion is prepared in the lower part of the 
micro mirror section, as for the example 3, the base (specifically base of a micro mirror body) of the 
micro mirror section and the external surface of a stanchion are equipped with the permanent magnet 
layer, and this stanchion is arranged free [ migration ] near the position control means — it is related 
like. Moreover, the micro mirror body in the micro mirror section is the two-layer structure of the 
polish recon layer 62 and aluminum system alloy layer 63, and light is reflected by aluminum system 
alloy layer 63. Although the sacrifice layer was formed from Si02 in the example 1, in the example 3, 
the sacrifice layer was formed from the organic resist ingredient Moreover, a permanent magnet 
layer consists of cobalt (Co). 

[0073] In production of the digital micro mirror device of an example 3, formation of a position control 
means, i.e., the formation process of the 3rd layer insulation layer 36, can presuppose that it is the 
same as that of an example 1. So, only the formation approach of the micro mirror section is 
hereafter explained with reference to drawing 10 and drawing 1 1 . 

[0074] [Process-300A] After forming the guide layer 40 which consists of polish recon like [process- 
120A] - [process-120B] on the 3rd layer insulation layer 36, hole 40A is formed in a guide layer. [ of 
an example 1 ] Subsequently, the sacrifice layer (detached core) 60 which consists of an organic 
resist ingredient all over the guide layer 40 containing hole 40A is formed on a spin coat (refer to (A) 
of drawing 10 ). The formation conditions of the sacrifice layer 60 are illustrated below. 
Use resist ingredient : OFPR 30cp spreading coating-machine engine speed : Baking after 2000rpm 
spreading : 100-degreeC [0075] The Co layer 61 is made to deposit all over the upper [ of the 
sacrifice layer 60 which includes the inside of hole 40A in the spatter of the conditions of [process- 
300B] after that, for example, the following, ]. 

Gas used : Ar=100sccm power : 4kW pressure : 0.47Pa membrane formation temperature : 150- 
degreeC thickness : 0.3 micrometers [0076] The magnet independently prepared in the state of 
[ this ] [process-300C] is brought close to the Co layer 61, the Co layer 61 is magnetized, and the 
' Co layer 61 is permanent-magnet-ized. That is, the Co layer 61 turns into a permanent magnet layer. 

[0077] The polish recon layer 62 with a thickness of 0.5 micrometers is formed all over after that 
[ [process-300D] ]. The CVD formation conditions of the polish recon layer 62 can be made to be the 
same as that of [process-120A] of an example 1, and abbreviation. In addition, the polish recon layer 
62 is deposited also in the crevice of the Co layer 61 deposited in hole 40A, and this polish recon 
layer is equivalent to a stanchion. 

[0078] aluminum system alloy layer 63 is formed on the whole surface on the same conditions as 
[process-120F] of an example 1 after that [ [process-300E] ]. In this way, the structure shown in (B) 
of drawing 10 can be acquired. It has the permanent magnet layer which changes from the Co layer 
61 to the base of the micro mirror sections 62 and 63, and the external surface of a stanchion. 
[0079] Patterning is carried out using [process-300F] next a photolithography technique, and a dry 
etching technique on the conditions which illustrate aluminum system alloy layer 63, the polish recon 
layer 62, and the Co layer 61 below. 

patterning use gas [ of aluminum system alloy layer ]: — patterning use gas [ ] of a 50W pressure : 
0.01 6Pa polish recon layer — : C4F8/Ar — =50/10sccmRF power : 1200W Pressure : [ ] — in 
addition, patterning of the 2Pa of the Co layers 61 can be carried out by the over etching after the 
dry etching of the polish recon layer 62. : BCI3/CI2=60 / 90sccm microwave power: 1000WRF power 
[0080] Oxygen plasma-asher processing of the conditions of [process-300G] after that, for example, 
the following, is performed, and the sacrifice layer 60 which consists of an organic resist ingredient is 
removed. 

Gas used : O2=20sccmRF plasma : 200V pressure : The sacrifice layer 60 is completely removed by 
the fuming nitric acid after 1atm oxygen plasma-asher processing. 




[0081] As mentioned above, although the digital micro mirror device of this invention was explained 
based on the desirable example, this invention is not limited to these examples. The various 
membrane formation conditions of having explained in each example are instantiation, and can be 
changed suitably. The membrane formation approach can also replace a spatter and a CVD method 
suitably. 

[0082] In an example, although the position control of the micro mirror section was chiefly based on 
the vertical movement to a position control means, it may perform position control (include-angle 
control) of the micro mirror section to a position control means by what the micro mirror section is 
rotated for (an include-angle variation rate is carried out). In this case, what is necessary is just to, 
make different the clearance between horizontal height 44B and the guide layers 40 which constitute 
the guide section 44 for example the left-hand side and on the right-hand side of drawing 1 , and the 
guide section 44 may be formed near the one side of the micro mirror section. [ of the micro mirror 
section ] . Or what is necessary is to prepare one height or the pin section in the side attachment 
wall of a stanchion, and just to form the hole which engages with the height or the pin section 
concerning the side attachment wall of hole 40A gently again. The structure, of a position control 
means is instantiation and can change structure suitably. 



[Translation done.] 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

-\ 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the typical sectional view of the micro mirror component in the digital micro mirror 
device of an example 1. 

[Drawing 2] It is a schematic diagram explaining the principle of operation of the digital micro mirror 
device of this invention. 

[Drawing 3] It is a typical sectional view for explaining the production approach of the micro mirror 
component in the digital micro mirror device of an example 1. 

[Drawing 4] It is a typical sectional view for explaining the production approach of the micro mirror 

component in the digital micro mirror device of an example 1 following on drawing 3 . 

[Drawing 5] It is a typical sectional view for explaining the production approach of the micro mirror 

component in the digital micro mirror device of an example 1 following on drawing 4 . 

[Drawing 6] It is a typical sectional view for explaining the production approach of the micro mirror 

component in the digital micro mirror device of an example 1 following on drawing 5 . 

[Drawing 7] It is a typical sectional view for explaining the production approach of the micro mirror 

component in the digital micro mirror device of an example 1 following on drawing 6 . 

[Drawing 8] It is a typical sectional view for explaining the production approach of the micro mirror 

component in the digital micro mirror device of an example 2. 

[Drawing 9] It is a typical sectional view for explaining the production approach of the micro mirror 
component in the digital micro mirror device of an example 2 following on drawing 8 . 
[Drawing 10] It is a typical sectional view for explaining the production approach of the micro mirror 
component in the digital micro mirror device of an example 3. 

[Drawing 1 1] It is a typical sectional view for explaining the production approach of the micro mirror 

component in the digital micro mirror device of an example 2 following on drawing 10 . 

[Drawing 12] They are a schematic diagram explaining the principle of operation of the conventional 

digital micro mirror device, and the typical sectional view of the micro mirror component in the 

conventional digital micro mirror device. 

[Description of Notations] 

10 Silicon Semi-conductor Substrate 

1 1 Component Isolation Region 

1 2 Gate Oxide 

13 Gate Electrode 

14 Gate Sidewall 

1 5 Gate Polar Zone 

16 Source Drain Field 

20 Insulating Layer 

21 Opening 

22 TiN/Ti Layer 

23 Tungsten Layer 

30 35 Conductive layer 

31, 33, 36 Layer insulation layer 

32 Heart (Core) Layer 



34 Opening 

40 Guide Layer 
40A Hole 

41 60 Sacrifice layer (detached core) 

42 Stanchion 

43 Micro Mirror Body 

44 Guide Section 

50 Permanent Magnet Layer 

51 Polish Recon Layer 

52 Aluminum System Alloy Layer 

53 54 Tungsten layer 

61 Co Layer 

62 Polish Recon Layer 

63 Aluminum System Alloy Layer 
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[Procedure amendment 1] 
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[Item(s) to be Amended] 0082 
[Method of Amendment] Modification 
[Proposed Amendment] p% 
[0082] In an example, although the position control of the micro mirror section was chiefly based on 
the vertical movement to a position control means, it may perform position control (include-angle 
control) of the micro mirror section to a position control means by what the micro mirror section is 
rotated for (an include-angle variation rate is carried out). In this case, what is necessary is just to, 
make different the clearance between horizontal height 44B and the guide layers 40 which constitute 
the guide section 44 for example the left-hand side and on the right-hand side of drawing 1, and the 
guide section 44 may be formed near the one side of the micro mirror section* [ of the micro mirror 
section ] Or what is necessary is to prepare one height or the pin section in the side attachment wall 
of a stanchic >n t and just to form the hole which engages with the height or the pin section concerning 
the side attachment wall of hole 40A gently again. The structure of a position control means is 
instantiation and can change structure suitably. 
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S Fs= 5 Osccm 
8 5 0W 
1 5 0W 
1. 3 3 P a 

[0 031] [18- 1 1 od] i<om. &WB2 0(0 
l©#ti3 0 y*fe-<?JBj6fc-*-$. f 1 

©jg;«^3 orom^#Sr«Tt-0il^5. 

ttfflTif^ : Ar=4 0sccra 

: 2 2. 5kW 
Z&BlfiK : 1 5 0° C 

: 0 . 4 7 P a 
^ff : 0. 3 /2m, 

A 1 Ik-S&b LT, ^T/^-^A, A 1 - S i , A 1 
— Cu, A 1 — Si— C u, A 1 — G e , Al— Si — 

G e m<D9*C0T/US. J»&&&M7jkirZ> z btfv%' 
5o 



ft Bfl ¥7-306368 



(6) 



[0032] [is-i ioe] %:<d'&, y*hvy? 

: BC 1 3/C 1 2=6 0/9 Osc 



era 



1 0 0 OW 
5 OW 

0 . 0 1 6 P a 
[0 0 3 3] ft, ^7^7 h^V^x^C VDjfcfc: 
±9*>'^;*x>'g2 3-CBBPJBJ2 1 £ffi£>i£frlS£: 
**U T i Nf/T i 1 2 2 ©±|CA 1 ^IS:^ 

&!§tT i N/T i«2 2*»fcWtc|»*-r5r ifcj: 
ot, -BHDSP2 lrtSrAl»-&^-e»»ii*, flWrT'* 

So 

[00 3 4] & 1 <D*|mJf 3 0 ^t6A 1 3R<&&<& 
ftfr«9t£, W, Cu, Ag^O^JSffilfiW^Srffll^r 

[0 0 3 5] [IS- 1 1 0 F] &fC, ^77ECR 
CVDte{CT£ffitC#J;Ltf S i N^fb/&5¥±S&Jgl 
<^SP H ^»g3 1 4r±ffilcfl!?/S-rs (EI3<0 (C) # 

br) o mi^mmmmms KoM*<^HTi:w*t 

S i H 4 /N 2 0=2 1/3 5sc 



era 

EE* 



1 0 0 OW 

3 0 OW 

4 5 0° C 
0. 0 1 P a 

[0 0 3 6] [IS~ 1 1 0 G] -ecom> % 1 ^JiPfli 

7)132 &mi&rz> 0 zms2 <&j«R*#fc«Tic« 

7F+ £o 

A r = 1 0 0 seem 
4 kW 
0. 4 7 P a 
15 0° C 
7 0 nm 

[0 0 3 7] ft, tt<Dft*>9lC, Co, Ni?, $>5^ 

3 2^f5CHt#5o 
[0 0 3 8] [IS- 1 1 OH] #tC, y 
7^^mRXfV7^^y^^^tm^m^X, SJI3 2 

(04£> (A) #R8) 0 K^^^^M^ tfijx. 



70 



cm 

RF/> 4 7- 



BC 1 3 /C 1 2=6 0/9 Osc 



1 0 0 OW 
5 OW 

0. 0 1 6 P a 
3 5 0° C 

[0 0 3 9] [IS- 110 1] t<D^k, /W7^EC 
R CVDfe{CX±S{C^J^ifS i N^^5W^. 

2 (nmmmmm 3 3 sr^ffiic^r 9 2 ojMf&fk 
133 ©»riafe«=sr, & 1 (omrummm 3 1 *>jfc/**f* 
hmmt-tzzk&xzZo #c^x% 7tM)y^77 

16113 3tcBBP«5 3 4 Sr^-rSo ■ 
^^WTt^J^i-So 
ffiffl^f^ : C4F8=5 0sccra 
RF^'7- : 1 2 0 OW 
■flE* : 2 Pa 

[0040] ft, mi<ommmmms ih^t±9S2o 

IP«l3 3«t^liS i N(C(5g££*b1\ 
fa<D4&\<Dl&mtft % WtlfS i 0 2 > BPSG, PS 
G, BSG, AsSG, PbSG, SbSG, SOG, 

s i on, hz\,^±^frb<D&mm&ffimLtzh<D$:m 

\f5ZkfcXZZo 

[0 0 4 1] CI 5 IT, 0 4<O (B) icjjki-mmz'&z 

It^ttSo ft, H4<0 (B) lC*5^-C, ^Ji32lC 

f>K Xff(ca« SI3 2fcttBHP»tt?K«S*t-Cv^ 
l\ BHP*fB3 4tt, i2^ITOlI'3 3i^M^^ 
*l"CI^-5o i/c, E14<59 (B) d^Tte, 

^$ttfc^l^mS3 0<Dm®<D&*<O&W<DUftlZ 

^--V^ttfc^ 1 (O^USS 3 0 <D&* 0>;£{B!|O|8# 

[0 04 2] [Ifi-1 1 0 J] ^^y^jfelCT 
8BP*fS3 4rt«r-Stf»2<Z)«MI6ayB3 3±lC«;LtfT 

iNl (g^itf) tAlu t©±fc«ifi^ 

5» 2 ^IjfSf 3 5 Srff^-fSo T i Nfl0/£1R&# 
ft, [IS-1 1C] <DT i NJ|OjAKft#2:lRl«j:-r 
5ii:#t*6. SS2^i*«Ji<0/fc«*tt: 

mmtfX : WF 6 /H 2 =9 5/5 5 Osccm 
.^Iffaft : 4 5 0° C 
J±jl : 1.1X1 0 4 P a 

BW- : 0 . 3 u m 

[0 04 3] [IS- 1 1 0 K] -£tf>m, 7>h!iy^ 
77 4&ffiRXfh-7-(*7^y&ffi&m^X, M2<D 

m^m 3 5&t>*T i Nm^s**--^?*, [is- 1 

10c] <D^yf-/*y?0tfcbm&<n0kftXftti:o o 
[0044] ft, y7V^7h^y^ryCVD£lc 




11 

J; 531 2 (Dig®! 3 S<DMrfL<Ditt>?)\£, 

C V DfeX'ikcD&m&iffcttftZffl 3 4 ftZ-attm 2 

<»mT%ffl».m 3 3 ±\zi&m-fz z t x-% 2 <Dwm 3 5 

[0 0 4 51 [IS- 1 1 0 L] St£, M^-liB P SG 

a><b/£3!g 3 ommtmm 3 6 ^^sicita^itfc^, 
Mmcx zm 3 roep B iife^i 3 6 (Dw-mt&mzn 

5. 

&m#* : S i H 4 /PH3/B2H6/0 2 /N2=8 
0/7/7/1000/3200 Osccm 
J&Jg&g : 4 0 0° C 
JE7J : 1 . 0 X 1 0 5 P a 

SglW- : 0 . 1 5 n m 

[0 0 4 6] ft. l?S3CD/Ifflij&#/§3 6£«/£^SW 
l±B PSGlcpg^$ixr. ilcKt^Kl^iyf 
v i/-r?> ISlc: HB#(c^ y ^ >- 7~ $ 4x/£^*tMT*fcix ff , 

[0 0 4 7] iUT. ^JxilJ^^b^tltt^wS^ 

{=^rm icm%-tz>zm3 2, m^k, a^/n^s 

-T-5Mllco^SS3 0irIf2W*me3 5 UftibcOJI 

3 0, 3 5l4fM)Pgf"3 4&U ; H^L-0'>&i<M?i5ngB£rtf- 

^Pg|52 lrtiCffiftii^ivfcT i N/T i!2 2&U*^ 
yWy|2 3 5riMtMOSf h7>^^i^ro 

— =>-Y/KD«T*fo5SI2ro^mg3 5WffigB (fc 
•Si^tt, ^fcioTtt^ 3 orottwHlfS) 

1 o#m^ 3 0 1 m 2 (D'mmm 3 5 $ nit = -y 

[0 0 4 8] [IS- 12 0] ftM, v^n^ 

4 3,4 2 «rSg*IJ^^© 3 0, 3 5, 3 2 <D±jjid& 

[004 9] [IS- 1 2 0 A] ^<Dfc«)f£, 5feT, £ 
ffitc£S';Uf;Ky ->y =^P>^5^W KB 4 OSrJK^-f 
5. #W KJi4 0©CVD»J**fl=^«TJtW*-f5. 

: S i H4/He = 5 0 0/5 Osccm 
JIT} : 8 0 P a 

J&Mfi-g : 4 0 0° C 
f&W- : 0 . 8 n m 

[0 0 5 0] (IS, ^ Kl^tSWHT, *y 
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[0 0 5 1] [IS-12 0B] 7th^^ 

7 7 ^aw&o 5 k*?-^ y^-v^afffic iot# y •> y 
uss. cro^4 0A{c, m^^-rs^a^iRiW^ti 

5 0 K7-f ^yf-^Ofcfl-S:. #J;ifi* [IS- 1 1 0 

I] tm&b-fZZb&X'ZZo 

[0 0 5 2] [IS- 1 2 0 C] &^T\ 5tgP4 0 A£ 

JR (#81/1) 4 l£, M;t-i«Tlc«*-t-S*fl=©CV 
10 DfetCT^jS-rS (H5(D (B) „ 

<£J3#7 : S i H 4 /0 2 /N 2 =8 0/1 0 0 0/ 
3 2 0 0 Osccra 
l&mMg : 4 00° C 
JE73 : 1. 0X10 5 Pa 

Jfg/i: : 5 0 n m 

[00 5 3] [IS- 1 2 0 D] #R(f J^T© 

<£ffl#7. : Ar = 10 Osccra 

— : 4 k W 
20 JE7J : 0 . 4 7 P a 
jfflfffig : 1 5 0° C 
IK/* : 1 • 0 n m 

[0 0 5 4] [II-12 0E] tit, r»«iT', 

7* by y^77^fMK7'Tiyf>'^ 

ftMI^t, gyiSr^^— =>7*t, ?;SP4 0AOt 
fc«Ui K^Yx^fy^it [IS- 11 

OH] tPI«t-r5^i:/4ST'#5), rHT, @6» 
(A) K*-r«"tS:#5wi:*ST?#5. R»4 0A©1" 

^•5^tt4 2l4*^^t$tv-5„ 

[0 0 5 5] [IS-12 0F] itti4 1±S 

4 2 JitC^JX-lf A l m&&m*X'<V?W:X']fM 
1-3. A 1 3R-fr4«©JKj«*fl-S:£JlTK«!l*i-6. 
fii/S;#7. : A r =4 Osccm 
'<7— : 2 2. 5kW 
fiElgfi* : 5 00° C 
/"E7J : 0. 4 7 P a 

KJ? : 0 . 3 u m 

40 [00 5 6] [IS- 1 2 OG] ^<£>&, 7* h y 77* 
77-fR»riK7'fxyf-y^ff5:/S^T > All 
^■^Sr-'-°^-=>^t > A1^^1A^5^^ 
nS7-##4 3Sr»^f5. K7^fi?f>^ft 
I4[IS-110E] •rl^«tt5^i:^T*#5. r5 
LT, HI6W (B) lC^r«SSr#^r 

[0 0 5 7] [IS-12 0H] W^nv7- 
*^4 3i£^cD!tittg4 1 IcBSPSJ^fiJcL-fc^, 

icmtf#y->y a^sfcJta-s**. ^^^^ 
so 4 4A^y->y3yi^y^n, jifcic ^Jxtfs 
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i 0 2 ^b*5«ttJB4 5S:±ffilC*aS*5 (B7© 

(a) mm . ^^m> £Sfcstf#y *>y ^>m*m 

-T K»«r«|jli-6*¥*lPlO«jB»4 4Be^t5 
(B)-#H8) o 

10 0 5 8] [IS-12 0I] SilC, K5>f3ty^ 
^^fetCT, Si0 2 ^^i6l4 5, 4 1»4 

ffifflytf* : C F 4 = 1 0 Osccra 
RF^!7- : 50W . 
JE J3 : 6 P a 

[0 0 5 9] 19 LT, m 1 fc^ Lfcflf^cO-^-r ^n; 

[0 0 6 0] (Uttffll 2 ) HJte^J 2 ttHlSCT 1 oaEJBT 

5 o as^it bttx*5 "9 , 3tttf±tt««i»* 

A 1 S^I 5 2St;^ V ^^fyf 5 3 <7) 2 | 

So 

[0 0 6 1] Hi^2^)fy^/^^ ^d; 7— "T'^ 
ffi 3 ^JMHftlMi 3 6 *>»J*IS*-Cf±, Hi6#J 1 i: P 

So 

[0 0 6 2] [18- 2 0 0 A] 13 OJimfelM 3 6 

<d±{^ mmm 1 © [is- 1 2 0 a] ~ [is- 1 2 
oc] mif^y s/y 3^*»bjat5if>f Kg 

4 0«Lfct, ^ Kg 4 OlCftjfM 0 AZBrfti- 
5o JSfcV^-e, 7t&54 0 ASr^tf^ Kg4 0tf>£i§(CS 

i 0 2 ft>&/ft&ttttJI (#«■) 4 lSrCVDftlc-CJB 
ric-f* (B8<0 (A) #fig> o 

[0 0 6 3] [IS- 2 0 0 B] MilffiTO 
*#0>*/<5r*«fcfc-C, tli^I^a^^^, «g 
OffStiu ^»4 0AasttJB-eS«)ii*n*t^»5i:-r 

: A r = 1 0 .0 sccra 

: 4kW 
EE;fj : 0 . 4 7 P a 

: 1 5 0° C 
^J? : 7 0 n m 

[0 0 6 4] [IS- 2 0 0 C] Z It, r (D^mX\ 
9JtcJ|i«Lfc«5S:tt«fci£<5lt, KJItrttftU 

[0065] [1S-200D] -t^, 7thyy^ 



/4 

^yf->^*fttt, hiswkd [is-iioh] tm 

g&4 0 A WjK«BXt/(Bl»SfB«CJB*i-<5 C £ S 0 
[0 0 6 6] [IS- 2 0 0E] JfcV^ £ffiM#y > 

nmmi<D [1S-120A] tmrnt-r 

[0 0 6 7] [is- 2 0 0 f] ^<£>©L ^yvy^y 

Ji5 1 &±W=- U »4 0A^rt(:KJ 
H8(D (B) lc*-r«Jt«:#5r-i: 

wyi/yn>i5i^Mi:ffiS«o w^i&xJx 



cm 

RF'*I7 — 
[0 0 6 8] 



C2C 1 3 F 3 /SF 6 =6 5/5sc 



/n°I7 — : 8 5 0W 
: 1 5 0W 
: 1 . 3 3 P a 
[IS-2 0 0G] *<D|£, nMfflKP 



[IS- 1 2 0 F] t A 1 5 2 

l 3^&Ji 5 2 <D_hlc* V^^Z/g 5 3 Srj*BW-<5. 
ffiffl^f^ : WF 6 /H2= 9 5/5 5 Osccm 
fifclRSS : 4 5 0 • C 
J£jj : 1. lX10 4 Pa 

JRJ? : 3 0 n m 

[0 0 6 9] [IS-2 0 0H] 7tfyy^7 

ryf5 3Sl^A 1 m&&J§ 5 2 Srgfa^^ — vtcj: 
^>^-TS (08O (C) o ^yf^^JMM: 

: BC 1 3 /C 1 2 =6 0/9 Osc 



era 



1 0 0 ow 
5 OW 

0 . 0 1 6 P a 

[0070] [is- 2001] *<d^ nxf±mcm 

$10 0 nm^y^fyl5 4 5: [IS- 2 0 0 

g] tmmv&ftvcvDmcxmmz^Zo *lt, 

^y^fyl54*. HllSWl"© [IS- 1 1 OC] 
tm&<O0kWX*=.iy?-'<?*1rZ> o :HT, 09^ 
(A) lc*r«JSSr#5wi:^t?&6o Al^l5 
2lt THS(/ftW^y/7fyl5 3, 5 4T«, 
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100 7 1] [IS-2 0 0J] fOt. HISMIO 
[IS- 1 2 0 H] t m&<Djj&X"?'( ? n 5 y-*fc 

4 3<Dftmctf4 Ktt (H**-f) tilWLfell. *R 
7 (HF : H 2 0=5 : 1 0 0) tC#J;tl£5# 

m9<o (b) \cfF-tmm<F>-v< tu = 7-%>&ftM-rz> 
z t a*-t?# 2>, *«k a i ^-g-^e 5 2 ±xrf«a 

: CF 4 =10 0sccm 
RF X!7— ; 5 0W 
JE;7j : 6 P a 

[0072] mmm 3 > ikkw 3 bpmm 1 

HH9M:«>ilcflF£&lb i ffifcEB $ ixT ^ 6* 3 wl» 

5 7-*#tt, jK!)->!J3yl6 2SO ! Al^l6 
3©2gfl?j£-efe!K A l 3V&&J16 3IC«toT3t^5 
W$tv5„ HJSMUcia^TttSltt^SrS i 0 2 ^bi 

ttSSrJ&SLfc. Sfc, *iUB5Jltt:="<A'h (Co) 

[00 7 3] HiS#J 3 Wfv^?^^ ^ a 5 7— 

SI 3 oJimil&tM 3 6 W7&&IS* -c-Ji, mtffl 1 i P 

[0 0 7 4] [IS- 3 0 0 A] &3tf>JBIWI&gUB3 6 
©±f£ % Hlfefll 1 <0 [IS- 1 2 0 A] ~ [IS- 1 2 

ob] £iHl*fc, #y>>y nvd»e>fiR5^KJi4 0* 

T?, 5t^4 0 A^^tf^ KI 4 0 i 1-^^ 

b#m-t>)&z>mt&m i&mm) 6 05r7fy3-n; 

XBtiL-tS (Hi 0(0 (A) #RP.) . *ttJB6 0©«* 

: OFPR 30cp 
M*=> — ^— HHEgr : 2 0 0 0rpra 

: 10 0° C 
[00 7 5] [IS- 3 0 0 B] ^©i, Wx.l2SkT<0 
%ift<D7,/<-y?mz.X^ ^gP4 0 A<Dtp§r-^tf«ttS6 
0<??±±BfcC o!6 1 Sr±ta$-ti:5o 
^flitf* : Ar = 10 0sccm 
'*!7- : 4kW 
fct) : 0 . 4 7 P a 

: 15 0" C 



7ff 

I^Jf : 0. 3^m 

[0 0 7 6] [I6-3 0 0C] tut, ;ottit> 

#JlCiP{iLfcB£&£CoJf 6 l{Cj£-^lt, Co|61?; 
SHfcU Col6 1 Srjk^^fk-rSo IP*>, Cog 6 

[00 7 7] [IS-3 0 0D] *<D'&, £ffifcJ5£ 
0. 5 nm«#P >V nyl6 2^ilfM-t-'5„ #y v-y 
^^16 2©CVDffM&{$li, ^Jx.f«JS0S| i (D [I 
8-12 0A] iB&Ptii-rsci/iS-C-^S. #y 

[0 0 7 8] [IS- 3 0 0 E] Z<D'&^ UlStfiJ 1 <D 
[IS- 1 2 0 F] bffl&<D&WX'. A 1 6 3 

&±mc&m-tz>o rnt, hiow (b> 

5gSr#5r ti5S-C*t5o W ^ o $ 7— &6 2, 6 3© 

[0 0 7 9] [IS-3 00F] We, 7th^y^7 
20 7j&ffiRXfh'7J^-y3->?&ffi*m^X > Al^ 
^163, #y i/y =i>/l6 ^.StfC 0I6 1 £\ 

\zm^i-&0ii i tx~y<?--^y-rz><, 
a 1 iMlo^iS'-^y/ 

: BC I3/C 1 2=6 0/9 0 seem 

^^nS^y-: 1 00 0W 

RF/<y- : 5 0W 

JE^J 0 . 0 1 6 P a 

#y v-y 

tiimtf* : C 4 F 8 /A r = 5 0/ 1 Osccm 
30 RF^!7- : 1 2 0 0W 
/E^3 : 2 P a 

ft, CoJf6 1li, #!)->!)=yg6 2«5K7-( , i?f 

[0 0 8 0] [IS- 3 0 0 G] ^©*£, 0S]x.{f «T<D 

h*T»*»5)*5«tt» 6 0 Sr^-TS. 

: O 2 =2 0sccm 
RF7"7Xt : 2 0 0V 
40 JEE;fj : 1 a t m 

K$7-7Xv7?->t-*I©I. |g«lffiKT*«lttJg 6 
0 £3fe£:tcl&*-r5. 

[0 0 8 1] £1±> ^Wrox^^/^-f ^ n $ 7-x 

x&mLit&wtftm&vttemTfixh'Q , ii^s-rsc 

[0 08 2] *Jfe^Jtc4oU>TI4, V'f^n? 7-gB©{4 
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IP (a«lM») SrffoTtivv ^©»frti±» 0tj*. 
tf. Xf-T K»4 4 5r«fig1-S7K s F*(S]^l?^4 4 B t 
$4 Kg 4 Oi©W©«iniI*» ll©^^n;5-S 

8B<D lo©a«ifffW-f KS64 4£fS:»j"Ck«fcV\ > „ 
feSVMiX, SttcottiMic loW^fiSSXJitfy'gBSrg: 

[0 0 8 3] 

{cti^trii, ^WH^gp^s^tLSr tic ioT^ig] 

-SBtc^0fs<o^;*s*p^p)-r, &*©m * n 5 7-x 

[00 84] \^fr\>. &mtt&frb-v<< <?v^7—%t><r> 
3tSltSS:«fiELT^SW-e, ?tWKft*t±»i»S 1 0 0 

jjsffi^. #tc, HDffi-e-^-w«HjK, gift. <£« 
[0 0 8 5] Sfcii, St*©^-Dy*5rffl^fcf^ 

[Eli] mMffli<n ; riS-?/^<<?v$. 7— f'^Mc 
[HI 2] *^©f^/^^n5 7-f^-{^roi 
[El 3] %W&\\<r>7i>$;V-?y(7XiK7— : T'<4 7>\Z. 

* Si w f s * © m * w fc w s m -e $> 5 „ 

[I3 5] H4fc9l#«Egr. HJfi«l©7 f ^yu-v-f^n 
5 7-T'<4 7-\ct5\1Z>-v( fin 5 9-*^©f^»*fe 



(10) 

[HI6] EI5fc:3l*«#, Hit^KD^^/u^^^n 
5 7-7*'^ Mzi6VZ>^-4 5 

[07] IU6tC§|#jt^ HIMl©f^*W^D 
[EI 8] SteM2©rv ; ^/U-7'f^o S 7— r^W^M 

10 [ni9] m8\a}\£ffi.z, mm&^coT^y^/^^ ^xj 

[Hll] Hi Ofc§l#tt#» »|2©r^^^-f 
[Hll 2] i£m<D7-'i??/i>-?<< 7 n 5 7-T'U 7.<DW) 

[^©f*9n 

10 ->i; = >*^s« 

1 1 mi-ftMrn® 

12 y-Mwtfflt 

13 y-hfl;® 

1 4 MM K*;j— A* 

15 r-hwrnii 

so 16 y— * • v&#e 

2 0 feftJB 
2 1 Pjqgp 

2 2 T i N/T i S 

23 ^y^fyl 

30, 35 mmm 

3 1, 3 3, 3 6 Sfflf&miW 
32 Z ( = 7) JB 

34 naaSB 

4 0 KS 
40 4 0 A 

41,60 ^tte (&mm) 

4 2 

4 3 ^"f^n;7-*ft: 

4 4 If J K» 

5 0 . jk4M&5JI 

5 1 y > y =* yjf 

5 2 A 1 Jik't&m 

5 3, 5 4 ^y^f>l 

6 1 Col 

so 6 2 ^yyy^yf 
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6 3 A 1 Ik^feM 



(5SSS01 1 ) 



[01] 



[02] 



(IIS) 




(A) 





q 35 I i Is I 

3 2 » B 



23 15 16 30 



[128] 
(SUM! 2} -t©1 



(B) 



77T 






3 5_ ffH\ 2 sea 

3 2 8H 



77T 



(B) 



51 



10 




CO 



40 



50 



51 



41 



52 



53 




[011] 



40 61 62 



63 



36 



36 
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23 15 16 30 




23 15 16 30 
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(14) 



[07] [010] 



(*»«!) *<OS (3S»«3) *<D1 
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